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BACKGROUND MEDIA INFORMATION

EARLY DETECTION
AND PERSONALISED MEDICINE

What Biomarkers Tell Us

Who is sick, who will get sick? Which patient should be treated with what and when? How

well does the patient respond to treatment? And when has the patient returned to health?

– For countless diseases today, biomarkers are providing physicians with valuable infor-

mation. What are biomarkers? How will they help us in the future?

The right medicine at the right dose at the right time, rapid and inexpensive diagnosis,

individualised prognoses and unerring guidance of treatment: it is a long-cherished dream

of the medical profession to be able to individually tailor diagnosis and treatment for every

patient.

This dream of personalised medicine could come true with the help of biomarkers. These

could make it possible for physicians to be able to make predictions about the effective-

ness of a treatment before it even begins. Individuals, for whom certain medications or

treatments would be less effective, ineffective, or even damaging, could be treated with

something else from the outset. Therapies could be precisely tailored for each patient,

and the difficult balance between desired and damaging effects could also be found more

quickly and accurately.

Biomarkers are not a discovery of the last twenty years. Even ancient Arabic, Hindu, and

Chinese reports describe the sweet taste of the urine of patients whose symptoms, from

today’s point of view, clearly indicate diabetes.
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In more modern medicine, it was the English physician Thomas Willis (1621-1675) who

first described the connection between diabetes and sweet urine. Willis had observed that

some of the numerous urine samples he collected from his patients and saved at home

were clearly preferred by houseflies.1 He logically concluded from this observation that

these samples had a significantly elevated sugar concentration and then used a taste test

to distinguish the “sweet” from the “tasteless” urine.

Biomarkers as the basis for personalised medicine

“Biomarkers are characteristic biological features that can be objectively measured and

indicate either normal or diseased processes in the body.” 2 This is the definition used by

the Biomarkers Consortium, a coalition of many governmental institutions, organisations,

and stakeholders whose aim is to ad-

vance established biomarkers and de-

velop new ones.

For example, body temperature is a

well-known biomarker for fever. Blood

pressure is used to determine the risk

of stroke. It is also widely known that

cholesterol values are a biomarker and risk indicator for coronary and vascular disease,

and that C-reactive protein (CRP) is a marker for inflammation.

Biomarkers can be cells, specific molecules, genes or gene products, enzymes, or hor-

mones. In addition, biomarkers can be complex organ functions or general characteristic

changes in biological structures.

It is necessary to distinguish between disease-related and drug-related biomarkers. Dis-

ease-related biomarkers give an indication of whether there is a threat of disease (risk

indicator or predictive biomarkers), if a disease already exists (diagnostic biomarker), or

how such a disease may develop in an individual case (prognostic biomarker). In contrast,

drug-related biomarkers indicate whether a drug will be effective in a specific patient and

how the patient’s body will process it.

In addition to long-known parameters, such as those included and objectively measured

in a blood count, there are numerous novel biomarkers used in the various medical spe-

cialties. Currently, intensive work is taking place on the discovery and development of in-

What are biomarkers?
Biomarkers are characteristic biological properties that
can be detected and measured in parts of the body like
the blood or tissue. They may indicate either normal or
diseased processes in the body. Biomarkers can be
specific molecules, or genes, gene products, enzymes,
or hormones. Complex organ functions can also serve
as biomarkers. Biomarkers are also very important in
the development of new drugs.
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novative and more effective biomarkers. These “new biomarkers” have become the basis

for preventive medicine, meaning medicine that recognises diseases or the risk of disease

early, and takes specific countermeasures to prevent the development of disease. Bio-

markers are also seen as the key to personalised medicine, treatments individually tai-

lored to specific patients for highly efficient intervention in disease processes.

Often, such biomarkers indicate changes in metabolic processes. For example, if a pa-

tient has diabetes, the HbA1c value for the “blood sugar memory” increases significantly

 see inset). In contrast, this value drops when a diabetic patient’s blood-sugar level is

well controlled. The HbA1c value thus serves as biomarker for monitoring treatment and

gives information about the quality of blood-sugar control.3

The biochemical oracle

The “classic” biomarker is a laboratory parameter that the doctor can use to help make

decisions in making a diagnosis and selecting a course of treatment. For example, the

detection of certain autoantibodies in patient blood is a reliable biomarker for autoimmune

disease.

The well-known rheumatoid fac-

tors are also nothing more than

autoantibodies, antibodies

formed by the immune system as

a result of a misdirected immune

response and targeted against

the body itself. The detection of

rheumatoid factors has been an

important diagnostic marker for rheumatoid arthritis (RA) for over 50 years.4 5

For the diagnosis of rheumatoid arthritis (RA), also known as chronic polyarthritis or “true

articular rheumatism”, the antibodies against the bodies own citrullinated proteins are of

particular value. These ACPAs, (ACPA stands for Anti-citrullinated protein/peptide anti-

body) can be detected in the blood before the first symptoms of RA appear. They are thus

valuable and highly predictive biomarkers for the early diagnosis of this autoimmune dis-

ease.6 In addition, they indicate if the disease threatens to be severe with serious damage

The HbA1c value, “blood-sugar memory”:
The glycohaemoglobin value, also known as the HbA1c value, is
an important parameter for the control of blood sugar levels in
Type-1 and especially Type-2 diabetics. It is aptly also referred
to as the “blood sugar memory” of the patient.
Dependent on the blood-sugar concentration, a fraction of the
glucose taken up by the red blood cells (erythrocytes) binds to
the red blood component, haemoglobin. This forms glyco-
haemoglobin HbA1c. In diabetics, the HbA1c value can increase
significantly and then reflects the average blood sugar level
over the last weeks. If blood-sugar control is improved, the
elevated values gradually come back down.
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to the bones and joints,7 8 which is an important tool for the doctor when providing a diag-

nosis and developing a treatment plan.

There are also more and more indications that ACPAs can be very useful in monitoring

the success of treatment for RA. A French research group has reported that it is possible

to directly measure the success of treatment by using the rheumatoid arthritis marker

Anti-MCV.9 This would make possible the accurate use of modern treatments with biologi-

cals (  see inset). Physicians hope to soon be able to individually tailor rheumatoid arthri-

tis treatments for each patient.

Biomarkers in targeted treatment

The concept of “personalised medicine” is increasingly becoming reality in the treatment

of cancers. For example, the use of certain biomarkers makes it possible to estimate

which cancer patients require additional chemo- or radiation therapy after tumour surgery,

and which patients had best avoid this burdensome and stressful treatment, which may

also increase the risk of subsequent tumour recurrence.

Biomarkers are particularly significant in targeted cancer therapy. This term refers to the

treatment of patients with

anti-tumour drugs that are

directed very accurately

against specific molecular

features of the specific

cancer in question.10 The

basis of this therapeutic concept is knowledge of the different signalling pathways and

growth factors that drive the tumours in their uncontrolled cell division. In targeted ther-

apy, particular agents and drugs are developed to very specifically intervene in these dif-

ferent signalling pathways, interrupt the malignant process, and thus slow or block tumour

growth.11 12

A prerequisite for this is detailed knowledge of the corresponding biomarkers, the molecu-

lar structures to which the cancer drugs can be applied. These could be the growth fac-

tors themselves, or receptor molecules on the mutated cancer cells. They could also be

other, completely different structures at the molecular level, such as components of the

cell membranes through which signals are transmitted into the cell.

Biologicals – biotechnologically produced drugs
Biologicals are substances produced with the latest biotechnology and
at great technological expense, using highly complex development and
preparation techniques.
Biologicals intervene precisely in the processes of the body. In cases of
rheumatoid arthritis, for example, this type of “biological therapy” influ-
ences the immune system in such a way as to slow or even block the
painful and destructive inflammation.
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What constitutes a good biomarker?

What are the demands that physicians, biochemists, and biotechnologists make of a good

diagnostic biomarker? For chronic diseases, whose treatment may require patients to

take medications for years, accurate diagnosis is particularly important – especially when

strong side effects are expected from the treatment. In these cases, biomarkers are be-

coming more and more important, because they can confirm a difficult diagnosis or even

make it possible in the first place.13

A number of diseases, such as Alzheimer’s disease or rheumatoid arthritis, often begin

with an early, symptom-free phase. In such symptom-free patients there may be more or

less probability of actually developing symptoms. In these cases, biomarkers help to iden-

tify high-risk individuals reliably and in a timely manner so that they can either be treated

before onset of the disease or as soon as possible thereafter.14 15

In order to use a biomarker for diagnostics, the sample material must be as easy to obtain

as possible. This may be a blood sample taken by a doctor, a urine or saliva sample, or a

drop of blood like those diabetes patients extract from their own fingertips for regular

blood-sugar monitoring.

For rapid initiation of treatment, the speed with which a result is obtained from the bio-

marker test is critical. A rapid test, which delivers a result after only a few minutes, is op-

timal. This makes it possible for the physician to discuss with the patient how to proceed

and if necessary to start treatment immediately after the test.

Naturally, the detection method for the new biomarker must be accurate and as easy to

carry out as possible. The results from different laboratories may not differ significantly

from each other, and the new biomarker must naturally have proven its effectiveness for

the diagnosis, prognosis, and risk assessment of the affected diseases in independent

studies.

Biomarkers always deliver direct or indirect indications of the cause for the disease. With

their help, the effectiveness of treatments can be evaluated and precisely measured, and

new therapeutic concepts can be developed.

In the future, biomarkers will be particularly important in the area of disease prevention.

Because they provide information about the risk of disease, make early diagnosis possi-
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ble, and indicate disease long before onset, they will make certain diseases easier to con-

trol in the future.

Rheumatic diseases, cancer, and diabetes, as well as strokes and dementia-inducing dis-

eases such as Alzheimer’s: for many diseases and in many medical disciplines, bio-

marker research is being greatly advanced.16 17The way in which biomarkers have thus

far expanded beyond their role as a purely diagnostic tool indicates that they will continue

to grow in significance in modern medicine. In the coming years, they could change and

shape our understanding of treatments for numerous diseases and assume a central role

in pharmaceutical and medical research.

For Editors:

Use and replication of this press release is unrestricted.
Please send us a copy of your article!

Do you need more information about biomarkers? – Please contact us:

Tobias Stolzenberg (Dipl.-Biol.)
Dr. Friederike Hammar
c/o ORGENTEC Diagnostika GmbH
– Public Relations –
pr@orgentec.com
Tel. +49 (0) 6131 / 9258-677, -674
Fax +49 (0) 6131 / 9258-58

References:

1 Molnár Z. Thomas Willis (1621–1675), the founder of clinical neuroscience. Nat Rev Neurosci. 2004
Apr;5(4):329-35

2 http://www.biomarkersconsortium.org
3 http://www.labtestsonline.org.uk/understanding/analytes/a1c/glance.html
4 Waaler E. On the occurrence of a factor in human serum activating the specific agglutintion of sheep blood

corpuscles. 1939. APMIS 2007 (May) 115 (5): 422–38
5 Rose HM, Ragan E, Pearce E, Lipman MO. Differential agglutination of normal and sensitized sheep

erythrocytes by sera of patients with rheumatoid arthritis. Proc Soc Exp Biol Med. 1948 May;68(1):1-6.
6 Bang H, Egerer K, Gauliard A, Lüthke K, Rudolph PE, Fredenhagen G et al. Mutation and citrullination modifies

vimentin to a novel autoantigen for rheumatoid arthritis. Arthritis Rheum 2007; 56(8):2503-11.
7 Mathsson L, Mullazehi M, Wick MC, Sjöberg O, van Vollenhoven R, Klareskog L, Rönnelid J. Antibodies

against citrullinated vimentin in rheumatoid arthritis: higher sensitivity and extended prognostic value con-
cerning future radiographic progression as compared with antibodies against cyclic citrullinated peptides.
Arthritis Rheum. 2008 Jan;58(1):36-45.

8 Szodoray P, Szabó Z, Kapitány A, Gyetvai A, Lakos G, Szántó S, Szücs G, Szekanecz Z.. Anti-
citrullinated protein/peptide autoantibodies in association with genetic and environmental factors as indi-
cators of disease outcome in rheumatoid arthritis. Autoimmun Rev. 2009 May 6. [Epub ahead of
print]

mailto:pr@orgentec.com


Background Media Information by
ocd group
Mainz, Germany www.rheumachec.com

- 7 -

9 Nicaise Roland P, Grootenboer Mignot S, Bruns A, Hurtado M, Palazzo E, Hayem G, Dieudé P, Meyer O,
Chollet Martin S. Antibodies to mutated citrullinated vimentin for diagnosing rheumatoid arthritis in anti-
CCP-negative patients and for monitoring infliximab therapy. Arthritis Res Ther. 2008;10(6):R142. [Epub
2008 Dec 10].

10 National Cancer Institute: Targeted Cancer Therapies: Questions and Answers
(http://www.cancer.gov/cancertopics/factsheet/Therapy/targeted)

11 Green MR. Targeting Targeted Therapy. N Engl J Med 2004, 350; 21: 2191-93
12 Zhukov NV, Tjulandin SA. Targeted therapy in the treatment of solid tumors: practice contradicts theory.

Biochemistry Mosc. 2008; 73 (5): 605–18.
13 Pharma Matters White Paper: Establishing the standards in biomarker research (2008). Thomson

Reuters.
14 Craig-Schapiro R, Fagan AM, Holtzman DM. Biomarkers of Alzheimer's disease. Neurobiol Dis. 2008 Oct

28. [Epub ahead of print]
15 Egerer K, Feist E, Burmester G. Serologische Diagnostik der rheumatoiden Arthritis: Antikörper gegen

citrullinierte Antigene [The Serological Diagnosis of Rheumatoid Arthritis – Antibodies to citrullinated Anti-
gens]. Dtsch Arztebl Int 2009; 106(10): 159-63

16 Pharma Matters White Paper: Biomarkers – An indispensable addition to the drug development toolkit
(March 2009). Thomson Reuters.

17 Feist E, Egerer K, Burmester GR. Autoantikörperprofile bei der rheumatoiden Arthritis. Z Rheumatol. 2007
May;66(3):212-4, 216-8. Review.


