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FIG. 2a
(57) Abstract: The present invention relates to a method for measuring post-translational modification of proteins in a subject. The 
method comprises recording of infrared radiation within a predetermined wavenumber range, attenuated by an integument of said 
subject, wherein said integument is still attached to said subject, and comparing said attenuation of infrared radiation to a predeter
mined value for deriving information regarding post-translational modification of proteins in the integument. The invention also 
relates to a corresponding system as well as to a post-translational modified integument protein as marker for in vivo diagnosis of a 
disease, e.g. diabetes mellitus or renal insufficiency.
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DIRECT INFRARED ANALYSIS OF POST-TRANSLATIONAL 

MODIFICATION OF PROTEINS

Technical field of the invention
The present invention relates to the measurement of post-translational 

modification of proteins in a subject and more specifically to the measurement 

of post-translational modification of proteins through the use of infrared 

spectroscopy, whereby the post-translational modification of proteins can be 

representative for a disease such as for example diabetes mellitus or renal 

insufficiency.

Background of the invention
Although the prevalence of diabetes mellitus is dramatically rising in sub

Saharan Africa, accurate diagnosis and monitoring of this metabolic disease by 

local health professionals is still problematic. According to the revised criteria of 
the American Diabetes Association, the European Association for the Study of 

Diabetes and the International Diabetes Federation, the diagnosis of diabetes 

mellitus is based on plasma glucose or hemoglobin A1 c (HbA1 c) concentrations. 

For plasma glucose concentrations, the diagnosis is made based on either a 
fasting plasma glucose concentration > 126 mg/dL (7.0 mmol/L), a random 

plasma glucose concentration > 200 mg/dL (11.1 mmol/L) or a 2-h plasma 

glucose value > 200 mg/dL (11. mmol/L) in the 75 g oral glucose tolerance test 

(OGTT)j. For hemoglobin A1c (HbA1c), the diagnosis is based on a 
concentration > 48 mmol/mol.

However, the use of these golden standards in sub-Saharan Africa is 

hampered for several reasons. Venous blood glucose, a widely used tool for 

diagnosing and monitoring of diabetic patients, is subject to preanalytical 

variation. The reported HbA1c results are influenced by the presence of 

hemoglobinopathies, iron deficiency, factors that influence red blood cell age 

and red blood cell survival, uremia and hyperbilirubinemia. Furthermore, a 

doctor or nurse is typically required to draw the blood samples. In addition, blood 

analyses are often refused by African patients due to cultural or religious 

objections.
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It is also known that an increased carbamylation can be observed in patients 

with renal insufficiency. It is to be noted that many adverse health effects 

observed in terminal renal insufficiency (e.g. atherosclerosis, anemia) have 

been associated with the increased carbamylation. Up to now, nevertheless 

there are no clinically useful biomarkers available for assessing carbamylation 

which can be used in a routine clinical laboratory.

There is thus still a need within the art for cheap, fast, portable and accurate 

methods of measuring post-translational modification of proteins, such as 
glycation or carbamylation, within a subject, which do not rely on blood sampling.

Summary of the invention
It is an object of the present invention to provide good methods, systems and 

markers for post-translational modification of proteins within a subject. It is an 

advantage of the post-translational modification of proteins that these may 

provide information for diagnosis of diseases such as for example diabetes 

mellitus or renal insufficiency.

It is an advantage of embodiments of the present invention that post
translational modification of proteins, such as glycation or carbamylation, may 

be measured in a non-invasive way. In the case of glycation, the glycation may 

be an indirect measure for the mean glycemia in the blood.

It is an advantage of embodiments of the present invention that post

translational modification of proteins may be measured in a way that is cheap, 

fast and portable, while still being sufficiently accurate.

It is an advantage of embodiments of the present invention that, for the case 

where the post-translational modification of proteins is glycation of proteins, the 

glycated protein marker may reflect the glycation of the majority of the proteins 

related to target organ damage.

It is an advantage of embodiments of the present invention that an average post

translational modification of proteins of a longer period of time may be obtained 

in a single measurement.
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It is an advantage of embodiments of the present invention that an evolution of 

the translational modification of proteins over a longer period of time may be 

obtained.

It is an advantage of embodiments of the present invention that, for the case 

where the post-translational modification of proteins is glycation of proteins, 

measurement of the glycation may be used to diagnose diabetes mellitus.

It is an advantage of embodiments of the present invention that, for the case 

where the post-translational modification of proteins is carbamylation of proteins, 

measurement of the carbamylation may be used to diagnose renal insufficiency. 

The above objective is accomplished by a method, a system, a marker and a 
use according to the present invention.

In a first aspect, the present invention relates to a method for measuring post

translational modification of proteins in a subject, the method comprising 
recording of infrared radiation within a predetermined wavenumber range, 

attenuated by an integument of said subject, wherein said integument is still 

attached to said subject, and comparing said attenuation of infrared radiation to 

a predetermined value for deriving information regarding post-translational 

modification of proteins in the integument.

It was surprisingly found that attenuation of infrared radiation in specific 
wavenumber ranges allows for identifying post-translational modification of 

proteins, e.g. glycation or carbamylation, in integuments such as nails that have 

not been removed from the subject, e.g. human body. In other words, a non

invasive technique for detection of post-translational modification, e.g. glycation 

or carbamylation, of nail keratins is obtained. Since the measurement technique 

is based on infrared spectroscopy, it is an advantage of embodiments of the 

present invention that methods are provided for measuring post-translational 

modification that are cheap, fast and portable but still sufficiently accurate. As 

no blood sampling is required, no doctor or nurse is required for taking the test. 

It is an advantage of embodiments of the present invention that the method does 

not require nail clipping.

It is an advantage of some embodiments of the present invention wherein 

glycation is measured, that information can be obtained regarding fructosamines
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formed in the nail matrix. It is an advantage of such embodiments of the present 

invention that information regarding diabetes can be obtained for a subject.

The method may comprise irradiating the nail of the subject with said infrared 
radiation.

Said integument of said subject may be a nail of said subject.

Where said post-translational modification of proteins consists of glycation of 

nail keratins, the method comprises recording of infrared radiation from within 

the wavenumber range of 400 to 5500 cm’1, preferably from within 4000 to 5500 

cm’1, most preferably from within 4200 to 4500 cm’1 and comparing the 

attenuation comprises comparing with a predetermined value in said 

wavenumber range. In some embodiments, the infrared radiation may be 

recorded in the wavenumber range of 400 to 5500 cm’1, preferably in the range 

4000 to 5500 cm’1, most preferably in the range 4200 to 4500 cm’1. In some 

embodiments, comparing said attenuation of infrared radiation to a 

predetermined value comprises comparing attenuation of infrared radiation from 

within the range 4000 cm-1 to 4500 cm-1, e.g. in the range 4000 cm-1 to 

4500 cm-1. Also recording may be limited to this wavenumber range. It is an 

advantage of embodiments of the present invention that information from 

attenuation from within the range 4000 cm-1 to 4500 cm-1, e.g. in the range 

4000 cm-1 to 4500 cm-1, allows a 100% accurate detection. Said attenuation of 
infrared radiation then relates to attenuation by integument protein glycation in 

said integument. It is an advantage of embodiments of the present invention that 

nail protein glycation can be used as a marker for detecting diabetes. It is an 

advantage of embodiments of the present invention that the glycation of 

diabetes target organs such as eye lenses and kidneys can be studied. It is an 

advantage of embodiments of the present invention that the new marker 

glucated nail protein reflects the glycation of the majority of the proteins related 

to target organ damage, e.g. eye lens and kidneys, which can normally undergo 

deglycation by enzyme fructosamine 3, as opposed to HbA1c which is an 

another marker that is currently used.

Where said post-translational modification of proteins consists of carbamylation 

of nail keratins, the method comprises recording of infrared radiation from within 

the wavenumber range of 4650 to 7700 cm’1, e.g. infrared radiation in the
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wavenumber range of 4650 to 7700 cm’1, and comparing the attenuation 

comprises comparing with a predetermined value in said wavenumber range. In 

some embodiments, comparing said attenuation of infrared radiation to a 

predetermined value comprises comparing attenuation of infrared radiation in 

the range 4650 cm’1 to 7700 cm’1. Also recording may be limited to this 

wavenumber range. It is an advantage of embodiments of the present invention 
that information from attenuation in the range 4650 cm-1 to 7700 cm-1 allows a 

100% accurate detection. Recording and/or comparing infrared radiation may 

comprise recording and/or comparing from within the wavelength range 1300 

nm to 2150 nm, e.g. from within the wavelength range 1300nm to 1500nm and/or 

e.g. from within the range 1525nm to 1575nm, and/or e.g. from within the range 

1625nm to 1700nm and/or e.g. from within the range 1725nm to 1775nm and/or 

e.g. from within the range 1825nm to 2100nm, e.g. from within the range 

1825nm to 1950nm and/or from within the range 1925nm to 2050nm and/or from 

within the range 2050nm to 2100nm. Said attenuation of infrared radiation then 

relates to attenuation by integument protein carbamylation in said integument. It 

is an advantage of embodiments of the present invention that nail protein 
carbamylation can be used as a marker for detecting renal insufficiency. It is an 

advantage of embodiments of the present invention that based on the 

carbamylation, adverse health effects observed in terminal renal insufficiency 

such as for example atherosclerosis and anemia can be studied. It is an 

advantage of embodiments of the present invention that the new marker 

carbamylated nail protein reflects the carbamylation of the majority of the 

proteins related to renal insufficiency.

Said protein may be a keratin. It is an advantage of embodiments of the present 
invention that nail keratin post-translational modification can be used as marker, 

since keratin is the most abundant nail protein.

The measured post-translational modification of proteins, e.g. glycation or 

carbamylation, may be reflective of the average post-translational modification 

of proteins over 0.5 to 9 months prior to said recording, preferably 1 to 6 months. 

It is an advantage of embodiments of the present invention that the measured 

results can provide information of the longterm post-translational modification of
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proteins, i.e. over the post-translational modification of proteinsthat occurred in 

the past months, resulting in averaged, thrustworthy, values.

The method may comprise performing Fourier transform infrared spectroscopy. 

It is an advantage of embodiments of the present invention that an efficient 

measurement method is obtained that allows fast probing of the required results. 

The method may comprise infrared reflection spectroscopy. It is an advantage 

of embodiments of the present invention that measurements can be performed 

with little or no sample preparation, since in vivo measurements can be 

performed. It is furthermore an advantage that the technique is an optical 

technique and not an invasive technique.

The method may comprise comparing contributions of different spectral bands 

for deriving a degree of post-translational modification of proteins, e.g. glycation 

or carbamylation, in a subject. It is an advantage of embodiments of the present 

invention that the accuracy can even be improved by taking into account 

different spectral bands.

The method may comprise first removing contaminants from the integument. It 

is an advantage of embodiments of the present invention that contaminants such 

as nail polish are first removed, so as to avoid influence on the measured signal 

and so as to obtain more accurate results.

The predetermined value may be selected as function of a race and/or a gender 

of the subject. It is an advantage of embodiments of the present invention that 

interracial differences can be taken into account.

The method may comprise recording attenuation of infrared radiation at different 

positions on the integument, comparing said attenuation of infrared radiation at 

different positions to a predetermined value and deriving based thereon a time 

dependency of the post-translational modification of proteins, e.g. glycation or 

carbamylation. It is an advantage of embodiments of the present invention that 

a time evolution of the disease, such as diabetes mellitus or renal insufficiency, 

can be obtained by measuring at different positions on the nail of a subject along 

the growth direction of the nails.

In a second aspect, the present invention relates to a system for measuring post

translational modification of proteins in a subject, the system comprising an 
infrared radiation source, an infrared radiation detector and a data analyser for



WO 2017/153359 PCT/EP2017/055229

5

10

15

20

25

30

7

analysing attenuation of infrared radiation within a predetermined wavenumber 

range attenuated by an integument of said subject still attached to said subject, 
by comparing the attenuation with a predetermined value for deriving information 

regarding post-translational modification of proteins in the integument.

Where said post-translational modification of proteins consists of glycation of 

nail keratins, the data analyser is adapted for analysing attenuation of infrared 
radiation from within the wavenumber range of 400 to 5500 cm-1, preferably from 

within 4000 to 5500 cm-1, most preferably from within 4200 to 4500 cm-1. In 

particular embodiment, the range is 4000 cm’1 to 4500 cm’1.

Where said post-translational modification of proteins consists of carbamylation 

of nail keratins, the data analyser is adapted for analysing attenuation of infrared 
radiation in the wavenumber range of 4650 to 7700 cm’1. The data analyser is 

adapted for analysing attenuation of infrared radiation from within the 

wavelength range 1300 nm to 2150 nm, e.g. from within the wavelength range 

1300nm to 1500nm and/or e.g. from within the range 1525nm to 1575nm, and/or 

e.g. from within the range 1625nm to 1700nm and/or e.g. from within the range 

1725nm to 1775nm and/or e.g. from within the range 1825nm to 2100nm, e.g. 

from within the range 1825nm to 1950nm and/or from within the range 1925nm 

to 2050nm and/or from within the range 2050nm to 21 OOnm.

The system may comprise a holder or a positioning means for positioning a 

finger or tow such that a nail of a subject is positioned with respect to said 

infrared radiation source and infrared radiation detector.

The system may comprise a Fourier transform infrared spectrometer.

The system may be configured for measuring reflected infrared radiation.

The analyser may be adapted for comparing contributions of different spectral 

bands for deriving a degree of post-translational modification of proteins, e.g. 

glycation or carbamylation, in a subject.

The system may be adapted for measuring at different positions on the 

integument of the subject.
The system may comprise a scanner for scanning with an irradiation beam over 

a integument of the subject.

In a third aspect, the present invention relates to a post-translational modified 

integument protein for use in the in vivo diagnosis of anomalous post
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translational modification. It is an advantage of embodiments of the present 

invention that a marker is obtained for in vivo diagnosis of anomalous post

translational modification, being representative of a disease. The post

translational modified integument protein may be a biological marker for said in 

vivo diagnosis of anomalous post-translational modification. The anomous post

translational modification typically is caused by a disease.

In some embodiments, the invention relates to a glycated integument protein for 

use in the in vivo diagnosis of anomalous glycemia. It is an advantage of 

embodiments of the present invention that a marker is obtained for in vivo 

diagnosis of anomalous glycemia, being representative of diabetes.

The glycated integument protein may be a biological marker for said in vivo 

diagnosis of anomalous glycemia. The anomalous glycemia is caused by 

diabetes mellitus.

In some embodiments, the invention relates to a carbamylated integument 

protein for use in the in vivo diagnosis of anomalous carbamylation. It is an 

advantage of embodiments of the present invention that a marker is obtained for 

in vivo diagnosis of anomalous carbamylation, being representative of renal 

insufficiency.

The carbamylated integument protein may be a biological marker for said in vivo 

diagnosis of anomalous carbamylation. The anomalous carbamylation is caused 

by renal insufficiency.

The post-translational modified integument protein may be a keratin.

In a fourth aspect, the present invention relates to the use of a post-translational 

modified integument protein for in vivo diagnosis of anomalous post-translational 
modification. The post translational modification may for example be glycation 

or carbamylation.

The in vivo diagnosis of anomalous post-translational modification may 

comprise the diagnosis of a disease, such as for example diabetes mellitus or 

renal insufficiency.

Particular and preferred aspects of the invention are set out in the 

accompanying independent and dependent claims. Features from the 

dependent claims may be combined with features of the independent claims and
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with features of other dependent claims as appropriate and not merely as

explicitly set out in the claims.

Although there has been constant improvement, change and evolution of 

devices in this field, the present concepts are believed to represent substantial 

new and novel improvements, including departures from prior practices, 

resulting in the provision of more efficient, stable and reliable devices of this 

nature.

The above and other characteristics, features and advantages of the 
present invention will become apparent from the following detailed description, 

taken in conjunction with the accompanying drawings, which illustrate, by way 

of example, the principles of the invention. This description is given for the sake 

of example only, without limiting the scope of the invention. The reference 

figures quoted below refer to the attached drawings.

Brief description of the drawings
FIG. 1 illustrates a system for measuring post-translational modification 

of proteins according to an embodiment of the present invention.

FIG. 2a to 4b show near infrared spectra (a) and analysis of the spectra 

(b) according to an example of the present invention for different wavenumber 

ranges.

FIG. 5 illustrates the change in glycation over time during treatment, 

according to an embodiment of the present invention.

FIG. 6a and 6b illustrates the difference in glycation between the proximal 

zone and the distal zone of the finger nail, for a control group (FIG. 6a) and a 

diabetic group (FIG. 6b), illustrating features of an embodiment according to the 
present invention.

FIG. 7a and 7b illustrate infrared spectra (FIG. 7a) and analysis of the 

spectra (FIG. 7b) for carbamylation, according to an embodiment of the present 
invention.

In the different figures, the same reference signs refer to the same or 

analogous elements.
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Description of illustrative embodiments
The present invention will be described with respect to particular 

embodiments and with reference to certain drawings but the invention is not 

limited thereto but only by the claims. The drawings described are only 

schematic and are non-limiting. In the drawings, the size of some of the elements 

may be exaggerated and not drawn on scale for illustrative purposes. The 

dimensions and the relative dimensions do not correspond to actual reductions 

to practice of the invention.

Furthermore, the terms first, second, third and the like in the description 

and in the claims, are used for distinguishing between similar elements and not 
necessarily for describing a sequence, either temporally, spatially, in ranking or 

in any other manner. It is to be understood that the terms so used are 

interchangeable under appropriate circumstances and that the embodiments of 
the invention described herein are capable of operation in other sequences than 

described or illustrated herein.
Moreover, the terms top, bottom, over, under and the like in the 

description and the claims are used for descriptive purposes and not necessarily 

for describing relative positions. It is to be understood that the terms so used are 

interchangeable under appropriate circumstances and that the embodiments of 

the invention described herein are capable of operation in other orientations than 

described or illustrated herein.

It is to be noticed that the term “comprising”, used in the claims, should 

not be interpreted as being restricted to the means listed thereafter; it does not 

exclude other elements or steps. It is thus to be interpreted as specifying the 

presence of the stated features, integers, steps or components as referred to, 

but does not preclude the presence or addition of one or more other features, 

integers, steps or components, or groups thereof. Thus, the scope of the 

expression “a device comprising means A and B” should not be limited to 

devices consisting only of components A and B. It means that with respect to 

the present invention, the only relevant components of the device are A and B.

Reference throughout this specification to “one embodiment” or “an 

embodiment” means that a particular feature, structure or characteristic 

described in connection with the embodiment is included in at least one
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embodiment of the present invention. Thus, appearances of the phrases “in one 

embodiment” or “in an embodiment” in various places throughout this 

specification are not necessarily all referring to the same embodiment, but may. 

Furthermore, the particular features, structures or characteristics may be 

combined in any suitable manner, as would be apparent to one of ordinary skill 

in the art from this disclosure, in one or more embodiments.

Similarly it should be appreciated that in the description of exemplary 

embodiments of the invention, various features of the invention are sometimes 

grouped together in a single embodiment, figure, or description thereof for the 

purpose of streamlining the disclosure and aiding in the understanding of one or 

more of the various inventive aspects. This method of disclosure, however, is 

not to be interpreted as reflecting an intention that the claimed invention requires 

more features than are expressly recited in each claim. Rather, as the following 

claims reflect, inventive aspects lie in less than all features of a single foregoing 

disclosed embodiment. Thus, the claims following the detailed description are 

hereby expressly incorporated into this detailed description, with each claim 

standing on its own as a separate embodiment of this invention.

Furthermore, while some embodiments described herein include some 

but not other features included in other embodiments, combinations of features 

of different embodiments are meant to be within the scope of the invention, and 

form different embodiments, as would be understood by those in the art. For 

example, in the following claims, any of the claimed embodiments can be used 

in any combination.

Furthermore, some of the embodiments are described herein as a 

method or combination of elements of a method that can be implemented by a 
processor of a computer system or by other means of carrying out the function. 

Thus, a processor with the necessary instructions for carrying out such a method 

or element of a method forms a means for carrying out the method or element 

of a method. Furthermore, an element described herein of an apparatus 

embodiment is an example of a means for carrying out the function performed 

by the element for the purpose of carrying out the invention.

In the description provided herein, numerous specific details are set forth. 

However, it is understood that embodiments of the invention may be practiced



WO 2017/153359 PCT/EP2017/055229

5

10

15

20

25

30

12

without these specific details. In other instances, well-known methods, 

structures and techniques have not been shown in detail in order not to obscure 
an understanding of this description.

Embodiments of the present invention relate to the detection of modifications of 

proteins in an integument of a human body. In some embodiments, protein 

glycation in the integument, e.g. nail, is detected, allowing measuring glycation 

in a subject. The glycation may be an indirect measure for glycamia in the blood. 

The latter will be discussed intensively below. In other embodiments, protein 
carbamylation in the integument is detected as a biomarker for carbamylation in 

renal insufficiency. Carbamylation is a chemical reaction which occurs when the 

urea isomer, isocyanate, reacts with lysine residues of proteins. As human nails 

are built up of specific proteins (keratins), carbamylation of keratins can be 
regarded as an excellent model for assessing carbamylation in a living 

individual. It nevertheless is to be noted that the present invention is not limited 

to glycation and carbamylation. In a first aspect, the present invention relates to 

a method for measuring post-translational modification of proteins in a subject. 

The method according to embodiments of the present invention may be 
especially suitable for measuring glycation or carbamylation in a human being, 

although embodiments of the present invention are not limited thereto and the 

methods are in principle also applicable to any living creature.

According to embodiments of the present invention, the method comprises 
recording of infrared radiation within a predetermined wavenumber range, 

attenuated by an integument of said subject, wherein said integument is still 

attached to said subject. The method typically may be preceded by irradiation of 
an integument of the subject with an infrared radiation beam comprising 

radiation within the predetermined wavenumber range, nevertheless, the step of 

irradiating could be performed prior to applying the method, so that it is not 

necessarily a step of the method itself. Alternatively, the method may comprise 

irradiating the integument of the subject with said infrared radiation. In 

embodiments of the present invention, the method also comprises comparing 

said attenuation of infrared radiation to a predetermined value and deriving 
based thereon information regarding the post-translational modification of 

proteins. Embodiments of the present invention are especially advantageous for
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obtaining information regarding diseases, such as for example diabetes mellitus 

or renal insufficiency, for a subject. According to embodiments of the present 
invention, in the case of glycation, radiation from within a wavenumber range 

400 to 5500 cm’1 may be used, advantageously from within a wavenumber 

range 4000 cm-1 to 4500 cm’1. According to some other embodiments, in the 

case of carbamylation, radiation from within a wavenumber range 4650 to 7700 

cm-1 may be used.

By way of illustration, further optional and standard steps features and 

advantages of methods according to embodiments of the present invention will 

further be discussed below. Reference thereby will be made to glycation of 

proteins as can be used for diabetes mellitus. It will be clear that similar detailed 

information is valid for other post-translational modification of proteins, such as 
for example carbamylation, but that corresponding wavenumber ranges, optical 

components and the like need to be correspondingly adapted mutates mutandis. 

Such optical components are readily available.

For irradiating the integument, an infrared laser beam may be used, or a 
focussed irradiation beam may be used. For generating the infrared radiation, 

an infrared laser may be used, such as for example a near infrared diode laser, 

but also other infrared radiation sources can be used such as for example a 

halogen NIR source. The infrared radiation beam spot advantageously has a 

size such that the irradiation does not exceed the surface of the integument, e.g. 

the surface of the finger nail. Typical beam spot sizes that may be used 

correspond with a diameter of up to 3mm, although embodiments are not limited 

thereto.

According to embodiments of the present invention, the infrared radiation 

may be from within the range 4000 to 4500 cm-1, since attenuation of infrared 

radiation in this range by glycated integument proteins is well pronounced.

For irradiating the integument, the subject is typically requested to 

position the body part comprising the integument in a specific position such that 

irradiation can be performed in a controllable way. E.g. the subject may be 

requested to position a finger or tow in a holder, such that the nail can be 

irradiated in a controlled manner. The holder or positioning means may be such
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that the integument is positioned below an infrared radiation source and below 

a detector adjusted for detecting the reflected radiation.

Detection may be performed by detecting a spectrum of the radiation after 

attenuation by the integument. Alternatively, detection a several specific 

wavelengths or wavelength ranges also may be performed and may allow to 

identify glycation of integument proteins.

In embodiments, detection techniques that may be used may comprise 

performing near-infrared (NIR) spectroscopy or may comprise performing 
Fourier transform infrared spectroscopy, such as for example ATR-FTIR. Both 

techniques allow for relatively short scan times for a given resolution. It is thus 

an advantage of embodiments of the present invention that an efficient 

measurement method is obtained that allows fast probing of the required results.

In embodiments, the method may comprise infrared reflection 

spectroscopy. In preferred embodiments, the infrared reflection spectroscopy 

may comprise attenuated total reflection spectroscopy.

Attenuated total reflection (ATR) is a sampling technique which may be 

used in combination with infrared spectroscopy. It advantageously allows the 

measurement of samples in solid or liquid state, without further preparation, only 

requiring the sample to be brought into contact with an ATR crystal. It is thus an 

advantage of embodiments of the present invention that measurements can be 

performed with little or no sample preparation, so that in vivo measurements can 

be performed. It is furthermore an advantage that the technique is an optical 

technique and not an invasive technique.

As indicated above, the integument of the subject typically may be a nail of a 

subject. In preferred embodiments, the area of the nail that is probed during the 

measurement may be the nail plate. Nails typically comprise a large fraction of 

keratins, such as around 85%, which is one of the markers which may be used 

for measuring glycation of proteins in the integument, or indirectly glycemia in 

the blood. As such, it is an advantage of embodiments of the present inventions 

that the recorded infrared radiation may have been attenuated by a nail, thus 

typically comprising a relatively strong marker signal. Furthermore, nail plates 

typically do not contain blood vessels and are metabolically inactive, reducing 

the possible factors that may influence or interfere with the measured results.
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Nevertheless, embodiments are not limited to the use of nails as integument. In

some embodiments, the integument also may be the skin of the subject.

In some embodiments, comparing the attenuation of infrared radiation to a 

predetermined value may comprise comparing attenuation of infrared radiation 

from within the range 4000 cm’1 to 4500 cm’1. It has been found that using this 

specific infrared radiation results in the possibility of obtaining very accurate 

measurements of glycation and thus in very accurate detection of diabetes 

mellitus. Comparison of the attenuation may for example be performed using a 

predetermined algorithm or using look up tables. It may be performed 

automatically upon input and/or in an automated way, e.g. using a processor 
programmed for performing such a comparison. The comparison provides 

comparison results that can be provided as output, e.g. displayed. The 

comparison results may provide an indication of whether the measured level is 

above or below a certain threshold. Whereas based on the comparison results 

an indication could be given whether or not a subject suffers from diabetes 

mellitus, such a diagnosis in some embodiments is not part of the method, and 

may be performed separately, i.e. outside the method, by a medically trained 

person. The diagnosis thus may be not a part of the method.

In some embodiments, the predetermined value used for comparing may be 

determined based on additional characteristics of the subject such as race 

and/or gender. Consequently, such information may be used as input and may 
be prompted for by the processor. That information, in combination with the 

obtained measurement results, then may result in the comparison results.

It is an advantage of embodiments of the present invention that the glycation of 

diabetes target organs such as eye lenses and kidneys can be studied.

It is an advantage of embodiments of the present invention that the new glycated 

integument protein marker reflects the glycation of the majority of the proteins 

related to target organ damage, e.g. eye lens and kidneys, which can normally 

undergo deglycation by enzyme fructosamine 3, as opposed to HbA1c which is 

an another marker that is currently used.

In embodiments, said protein may be a keratin.
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It is an advantage of embodiments of the present invention that integument 

keratin glycation can be used as marker, since, particularly in nails, keratin is an 

abundant integument protein.

According to some embodiments, the method provides results that are 

representative of an average glycemia, e.g. of glycemia that occurred over a 

period with a length between 0,5 months and 9 months, e.g. over a period with 

a length between 1 and 6 months. It is an advantage of embodiments of the 

present invention that the measured results can provide information of the 

longterm glycemia, i.e. over the glycemia that occurred in the past months, 

resulting in averaged, thrustworthy, values.

According to some embodiments, the measurements are performed such that a 

time evolution of glycation of the integument protein can be measured and 

followed. The method may for example comprise recording attenuation of 

infrared radiation at different positions on the integument, comparing said 

attenuation of infrared radiation at different positions to a predetermined value 

and deriving based thereon a time dependency of the glycemia. If for example 

measuring at different positions along the growth direction of a nail can be 

performed, this allows to obtain results representative of the time evolution of 

glycation. For example, the tip of the nail plate is typically reflective of earlier 

glycation, such as the glycation 6 to 9 months prior to the measurement, while 

the nail plate region closer to the nail matrix is typically reflective of more recent 
glycation, such as the glycation 0.5 to 1 month prior to the measurement. 

Measurement at different positions of the nail may thus be used to build a time 

evolution of glycation, for example over the last 6 to 9 months. Furthermore, by 
sampling a larger or smaller part of the nail, an average value for the glycation 

over a larger or smaller window of time may be obtained; for example, by 

sampling the entire nail plate an average value of glycation over the last 6 to 9 

months may be obtained.

In some embodiments, the method may comprise first removing contaminants 

from the integument. The latter may for example be performed using 

conventional cleaning products. It is an advantage of embodiments of the 

present invention that contaminants such as nail polish are first removed, so as
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In a second aspect, the present invention relates to a system for measuring post

translational modification of proteins, such as for example glycation or 

carbamylation, in a subject, the system comprising an infrared radiation source, 

an infrared radiation detector and a processor, e.g. data analyser, for analysing 

attenuation of infrared radiation within a predetermined wavenumber range 

attenuated by an integument of said subject still attached to said subject, by 

comparing the attenuation with a predetermined value for deriving information 

regarding the post-translational modification of proteins. According to 

embodiments of the present invention, in the case of glycation, a data analyser 
for analysing radiation from within a wavenumber range 400 to 5500 cm’1 may 

be used, advantageously from within a wavenumber range 4000 cm’1 to 4500 

cm’1. According to some other embodiments, in the case of carbamylation, a 

data analyser for analysing radiation form within a wavenumber range 4650 to 

7700 cm’1 may be used. The system may be especially suitable for performing 

a method for measuring post-translational modification of proteins as described 

in the first aspect.

By way of illustration, a system according to an embodiment of the present 

invention is schematically represented in FIG. 1. Again, the system described is 
particularly suitable for measuring glycation, but it will be understood that by 

adjusting the wavenumber range and the corresponding optical components, a 
corresponding system is described for measuring of other post-translational 

modifications of proteins, such systems herewith thus also being described. FIG. 

1 shows a system 100 for measuring glycemia. The system 100 comprises a 

radiation source 110, a detector 120 configured for detecting infrared radiation 

from the radiation source 110 after it has been attenuated by an integument of 
a subject, and a holder or positioning means 130 for positioning an integument 

of a subject with respect to the radiation source 110 and the detector 120. The 

holder or positioning means 130 may for example be suited for holding a hand 
or a finger or a foot or a tow in a position such that the nail of a finger or tow is 

accurately positioned for performing measurements. Alternatively, the
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positioning means may correspond with a positioning means for the system such 

that it can be mounted to a hand, finger, foot or tow and such that the nail of a 

finger or tow is accurately positioned with respect to the system, such that 

measurements can be performed. The system furthermore comprises a 
processing means or processor 140 for processing the detected attenuated 

radiation received at the detector 120. The processor thereby is adapted for 

comparing the obtained measurement results with predetermined values. This 

comparison or a result based thereof may be outputted through an output means 

150. As indicated in the first aspect, the radiation source and detector may be 

adapted for generating infrared radiation from within the range 4000 cm’1 to 4500 

cm’1, and/or the processor may be adapted for processing infrared radiation in 

this frequency range. The detector may be a Fourier transform infrared 
spectrometer, a detector adapted for measuring reflected IR radiation, a detector 

configured for performing attenuated total reflection Fourier transform infrared 

spectroscopy (ATR-FTIR).

In embodiments, the processor may be adapted for comparing contributions of 

different spectral bands for deriving a degree of glycemia in a subject.

In some embodiments, the system may be adapted for measuring at different 

positions on the integument of the subject, e.g. by providing a scanning 

movement of the irradiation beam over the integument of the subject. In 

embodiments, the system thus may comprise a scanner for scanning with an 

irradiation beam over an integument of the subject.

Further features and advantages of the system may correspond with the 

features and advantage described for the corresponding method in the first 

aspect.

In a third aspect, the present invention relates to a post-translational modified 

integument protein, e.g. glycated integument protein or carbamylated 

integument protein, for use in the in vivo diagnosis of anomalous post

translational modification of proteins. It is an advantage of embodiments of the 

present invention that a marker is obtained for the in vivo diagnosis of 

anomalous post-translational modification of proteins. The anomalous post

translational modification of proteins is typically representative of a form of
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hyperglycemia, such as caused by diabetes mellitus, or a form of hypoglycemia 

or of a form of hypercarbamylation. In other cases, the anomalous post

translational modification of proteins may be in the form of a varying or irregular 

post-translational modification overtime. In embodiments, the post-translational 

modified integument protein may be a biological marker for said in vivo diagnosis 

of anomalous post-translational modification of proteins. In embodiments, said 

anomalous post-translational modification of proteins may be caused by 

diabetes mellitus. In embodiments, the post-translational modified integument 

protein may be a keratin. The integument may be a nail.

In a fourth aspect, the present invention relates to the use of a post

translational modified integument protein for in vivo diagnosis of anomalous 

post-translational modification of proteins. In embodiments, said in vivo 

diagnosis of anomalous post-translational modification of proteins may comprise 

the diagnosis of a disease such as for example diabetes mellitus or renal 

insufficiency.

The invention will now be described by a detailed description of several 

embodiments of the invention. It is clear that other embodiments of the invention 

can be configured according to the knowledge of the person skilled in the art 
without departing from the true technical teaching of the invention, the invention 

being limited only by the terms of the appended claims.

Example: Infrared spectroscopy on nails of patients with diabetes mellitus
and a control group

Near infrared spectra were taken of the nail plate of 5 patients diagnosed 

with diabetes mellitus and 25 people in a control group, all belonging to the same 

race.

The NIR spectra were taken in the wavenumber range of 4200 cm-1-5400 

cm’1 and plotted in Fig. 2a. As can be seen, the spectra between both groups 

are clearly distinguished. To better quantify this spectral differentiation, for each 

measurement the spectra were analysed by setting out, in Fig. 2b, the standard 
normal variate (SNV). A fairly good separation between, on the one hand, the



WO 2017/153359 PCT/EP2017/055229

5

10

15

20

25

30

20

data points corresponding to the diabetes mellitus group and, on the other hand, 

the control group can be observed.

In order to further improve the separation, the spectral range was reduced 
to 4200-4500 cm’1 and the resulting spectra are shown in Fig. 3a. Again, for 

each measurement, the spectra were analysed by setting out, in Fig. 3b, the 

SNV. It could be observed that the separation between both groups is further 

improved. Furthermore, it was possible to 100% accurately predict to which 

group a given sample belonged, after the evaluation model used was trained 
using a set of training data.

Similarly, the spectral range was also limited to 5060-5400 cm-1 and the 
corresponding spectra are shown in Fig. 4a. Again, for each measurement, the 

spectra were analysed in Fig. 4b, whereby a second derivative was analysed. 

However, in this case the separation was not improved and no 100% conclusive 

predictions could be performed, similar as for evaluation fo the first derivative 

(not shown).

Example : Monitoring qlycation during treatment 

Near infrared spectra were taken of the nail plate of patients as function of 

treatment of the patient. As glucose diffuses from the capillary network into the 

finger nail and the nail grows in function of time, it is possible to observe 

fluctuations of NIR-spectra due to changing diffusion of glucose from the blood 

to the nail. So this makes it possible to observe an improvement of the data 

when a diabetic patient is treated in function of time. In FIG. 5, diabetes type 2 

patients are monitored during treatment with metformin (3 x 850 mg daily). Again 

the standard normal variate value is given of the 1st derivative of the spectrum. 

The results for a specific patient (open square) are discussed in detail, whereby 

reference values for a control group (C) and for a diabetes group (DM) are also 

shown. Measurement number 26 was the first measurement at the start of the 

treatment and is located in the diabetic (blue) group. Measurement number 27 

is the second measurement, a few weeks later during which the patient was 

treated. It can be seen that the second measurement is progressing towards the 

control group. This means that the situation for the patient is improving (mean 

glycemia has dropped from 279 mg/dl to 105 mg/dl). Measurement number 30 

is the third measurement, again a few weeks later after the second
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measurement. This plot (data collected over a 5 weeks interval) nicely illustrates 

the use of non-invasive NIR monitoring enables to assess the glycemic control.

Example : Evaluating time evolution based on NIR measurements on

different zones of the finger nail.

Different zones on the finger nails were measured using NIR spectra in a 

spectral range 1460nm to 1630nm for both a control group and a diabetic group. 

If there is a difference between the proximal zone and the distal zone of the 

finger nail, this indicates that there is accumulation of glucose in the nail as the 

nail grows. The results for the control group are shown in FIG. 6a whereas the 

results for the diabetic group are shown in FIG. 6b. In both cases, there are 

roughly two groups visible in the scores plot. The distal measurements are more 

to the left and the proximal measurements more to the right. However there is 

still some overlap between the two areas due to variations of the glucose 

concentrations in the finger nails of different test persons.

Example: Infrared spectroscopy on nails of patients with renal

insufficiency and a control group

Near infrared spectra were taken of the nail plate of a number of patients 

presenting with terminal renal insufficiency and a number of people in a control 

group, all belong to the same race.

The NIR spectra were taken in the wavelength range 1300 nm to 

2150 nm. As can be seen in FIG. 7a, spectral differences can be noted between 

spectra for people in the control group (c) and people suffering from renal 

insufficiency (N). To better quantify this spectral differentiation, a principal 

components analysis of the spectra was performed and the spectra were 

analysed by setting out, in FIG. 7b, the standard normal variate (SNV). It can 

be seen that there is a clear distinction between people of the control group (C) 

and people suffering from renal insufficiency (N). It can be seen that near 

infrared spectroscopy on human nails offers an excellent tool for a non-invasive 

assessment of carbamylation.

It is to be understood that although preferred embodiments, specific 

constructions and configurations, as well as materials, have been discussed 

herein for devices according to the present invention, various changes or 

modifications in form and detail may be made without departing from the scope
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and technical teachings of this invention. For example, any formulas given 

above are merely representative of procedures that may be used. Functionality 

may be added or deleted from the block diagrams and operations may be 

interchanged among functional blocks. Steps may be added or deleted to

5 methods described within the scope of the present invention.
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Claims

1. - A method for measuring post-translational modification of proteins in a

subject, the method comprising:
- recording of infrared radiation within a predetermined wavenumber range, 

attenuated by an integument of said subject, wherein said integument is 

still attached to said subject;

- comparing said attenuation of infrared radiation to a predetermined value 
for deriving information regarding post-translational modification of 

proteins in the integument.

2. - The method according to claim 1, wherein said integument of said subject

is a nail of said subject.

3. - The method according to any of the previous claims, wherein said

attenuation of infrared radiation comprises attenuation by integument 

protein post-translational modification in said integument.

4. - The method according to claim 3, wherein said protein is a keratin.

5. - The method according to any of the previous claims, wherein the method
comprises performing any of near infrared spectroscopy, Fourier transform 

infrared spectroscopy or infrared reflection spectroscopy.

6. - The method according to any of the previous claims, wherein the method

comprises recording attenuation of infrared radiation at different positions 

on the integument, comparing said attenuation of infrared radiation at 

different positions to a predetermined value and deriving based thereon a 

time dependency of the post-translational modification of proteins.

7. - The method according to any of the previous claims, wherein said

attenuation of infrared radiation comprises attenuation by integument 
protein glycation in said integument.

8. - The method according to claim 7, wherein comparing said attenuation of

infrared radiation to a predetermined value comprises comparing 
attenuation of infrared radiation from within the range 4000 cm’1 to 

4500 cm’1.

9. - The method according to any of claims 6 or 7, wherein the method

comprises comparing contributions of different spectral bands for deriving 

a degree of glycemia in a subject, and/or wherein the method comprises
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selecting said predetermined value as function of race or gender of the

subject.

10. - The method according to any of claims 1 to 6, wherein said attenuation of

infrared radiation comprises attenuation by integument protein 
carbamylation in said integument.

11. - The method according to claim 10, wherein comparing said attenuation of

infrared radiation to a predetermined value comprises comparing 
attenuation of infrared radiation from within the range 4650 cm’1 to 

7700 cm’1.

12. - A system for measuring post-translational modification of proteins in a

subject, the system comprising an infrared radiation source, an infrared 
radiation detector and a data analyser for analysing attenuation of infrared 

radiation within a predetermined wavenumber range attenuated by an 

integument of said subject still attached to said subject, by comparing the 

attenuation with a predetermined value for deriving information regarding 

post-translational modification of proteins in the integument.
13. - The system according to claim 12, wherein said system comprises a holder

for positioning a finger or tow such that a nail of a subject is positioned with 

respect to said infrared radiation source and infrared radiation detector.
14. - The system according to any of claims 12 to 13, wherein the system is

adapted for measuring at different positions on the integument of the 

subject.

15. -The system according to any of claims 12 to 14, wherein said post

translational modification of proteins consists of glycation of nail keratins, 
the data analyser being adapted for analysing attenuation of infrared 

radiation from within the wavenumber range of 400 to 5500 cm’1, preferably 

from within 4000 to 5500 cm-1.

16. -The system according to any of claims 12 to 14, wherein said post

translational modification of proteins consists of carbamylation of nail 
keratins, the data analyser being adapted for analysing attenuation of 

infrared radiation from within the wavenumber range of 4650 cm-1 to 

7700 cm’1.
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17. - A post-translation modified integument protein for use in the in vivo

diagnosis of anomalous post-translation modification of proteins.
18. - The post-translation modified integument protein according to claim 17, the

post-translation modified integument protein being a biological marker for 

said in vivo diagnosis of anomalous post-translation modified.

19. - The post-translation modified integument protein according to any of

claims 17 to 18, the post-translation modified integument protein being a 
keratin.

20. - The post-translation modified integument protein according to any of

claims 17 to 19, wherein the post-translation modified integument protein 

is a glycated integument protein.

21. - The post-translation modified integument protein according to any of

claims 17 to 19, wherein the post-translation modified integument protein 

is a carbamylated integument protein.

22. - Use of a post-translation modified integument protein according to any of

claims 12 to 13, for in vivo diagnosis of a disease.

23. - The use of a post-translation modified integument protein according to
claim 22, wherein the post-translation modified integument protein is a 

glycated protein and wherein said in vivo diagnosis comprises the 

diagnosis of diabetes mellitus.
24. - The use of a post-translation modified integument protein according to

claim 22, wherein the post-translation modified integument protein is a 

carbamylated protein and wherein said in vivo diagnosis comprises the 

diagnosis of renal insufficiency.
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