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 Emerging
 Biomarkers 
 ADVANCE explores new targets for diagnostic testing.
 By Laura Kovacs

Biomarker-based research is helping to usher in a new 

era of personalized medicine, with more highly predic-

tive markers that impact a patient’s illness or lifespan, 

and ultimately lead to the development of technologies, 

medicines and therapies for prevention, early discovery, 

diagnosis and treatment.

➤ Measuring Potential
Protein biomarkers, particularly those found in blood 

plasma or urine, are critical. With major advancements 

in genomic study, researchers have discovered more 

than a thousand potential protein biomarkers in recent 

years. Ruth Hüttenhain and Martin Soste, the first 

authors of a study published in Science Translational 

Medicine, have developed a strategy to measure po-

tential biomarkers quickly on a wide scale and confirm 

their clinical uses.1 

The method involves a targeted mass spectrometric 

technology, which can determine proteins present in 

biological samples at any particular point in time in a re-

liable and repeatable way. With the aid of mass spec-

trometric coordinates, called assays, the list of possi-

ble biomarkers can be narrowed down quickly and D
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efficiently. Assays need to be developed in advance 

for every protein.

In their study, assays were developed for more than 

1,000 potential biomarkers, the quantities of which dif-

fer in human cancer tissues and which correlate with 

the mutated genes that drive cancer development. The 

researchers tested their assays on samples taken from 

cancer patients and healthy individuals, and were able 

to detect more than 180 different biomarkers in the 

blood plasma, and more than 400 different biomarker 

proteins in the urine samples. 

According to a study published in a recent online is-

sue of Neurology, the medical journal of the American 

Academy of Neurology, higher levels of a certain fat in 

the blood called ceramides could increase a person’s 

risk of developing Alzheimer’s disease.2 The study 

found that women who had the highest levels of the 

biomarker were 10 times more likely to develop Al-

zheimer’s disease than women with the lowest levels. 

And in a paper published online in Arthritis Care and 

Research, an international research team led by the 

University of Alabama at Birmingham said that a blood 

test measuring 12 biomarkers for rheumatoid arthritis 

disease is a valid and potentially useful tool in manag-

ing and tracking the progression of the disease.3

Findings in a recent Swedish study led by Gunnar 

Engström from Lund University have suggested that 

biomarkers, including desmosines and C-reactive pro-

tein (CRP), could be used in the diagnosis of the sever-

ity of chronic obstructive pulmonary disease.4 

A newly discovered biomarker for Lou Gehrig’s 

disease could lead to new therapy, as research-

ers from Brigham and Women’s Hospital in Boston 

have identified a blood biomarker that can help iden-

tify amyotrophic lateral sclerosis (ALS) earlier and to 

significantly slow the progression of the disease.5 Dr. 

Howard Weiner, the director of the BWH Multiple 

Sclerosis Program and colleagues discovered an in-

creased production of white blood cells called mono-

cytes flood the brain, causing damage to nerve cells.    

➤ Global Market
In pre-clinical trials in mice genetically prone to devel-

oping ALS, scientists found that the spleen became 

inflamed and began over-producing monocytes 2 

months prior to the appearance of brain damage, indi-

cating testing for an increase in monocytes could help 

identify those in danger of developing ALS.

Certainly, biomarker-based research is vital to the 

development of technologies and medicines for the 

identification and treatment of disease. “Biomarkers: 

Technological and Commercial Outlook 2012-2022,” 

a July 2012 report published by Visiongain, forecasts 

that the global market for biomarkers will continue to 

soar in the next decade, led by the strong opportunity 

that biomarkers represent for the development of non-

invasive diagnostic and prognostic tests.6 The findings 

predict that the global market for biomarkers will soar 

past $15 billion in 2012, and that the world market will 

grow with a compound annual growth rate of 11 per-

cent. In 2011, the United States was the leading mar-

ket for biomarkers, accounting for over 60 percent of 

global revenue. 

Pinpointing the best course of treatment for a pa-

tient will ultimately cut healthcare expenses and help 

avoid potential adverse events. n

Laura Kovacs is a freelance writer based in Philadelphia.
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 BioCARE
New biomarkers could offer 
vital clues for cancer research.
By Carl-Johan Ivarsson, MSc

A unique strategic research initiative in Sweden, 
called BioCARE (Biomarkers in Cancer Medicine), cur-

rently underway at the Universities of Lund and Go-

thenburg in Sweden, is taking an in-depth look at the 

role of biomarkers in cancer research. A biomarker is 

any characteristic that can be objectively measured 

and evaluated as an indicator of normal biological pro-

cesses, pathogenic processes, or pharmacologic re-

sponses to a therapeutic intervention.

Although the term biomarker is relatively new, these 

characteristics have been used in pre-clinical research 

and clinical diagnosis for a considerable time. For ex-

ample, blood pressure is now often used to determine 

the risk of stroke. It is also widely known that choles-

terol values can act as a biomarker (and risk indicator) 

for coronary and vascular disease, that C-reactive pro-

tein (CRP) is a biomarker for inflammation and pros-

tate-specific antigen (PSA ) for prostate cancer.

When examined in molecular terms, these biomarkers 

describe “the subset of markers that might be discov-

ered using genomics, proteomics technologies or imag-

ing technologies”. Viewed in this way, biomarkers could 

have a major role to play in medicinal biology, as they 

can help with early diagnosis, disease prevention, A
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drug target identification, drug response and more. As 

such, gene-based biomarkers are widely considered to 

be an effective way of studying human disease.

Medicinal Biology
For decades, biomedical scientists have been look-

ing for new ways to diagnose cancers at an early, cur-

able stage and also to select the optimal therapy for 

individual patients. At the moment, cancer treatments 

are effective in only some of the patients undergo-

ing therapy, and many cancer patients are still being 

diagnosed too late, once the cancer is already too far 

advanced. Despite these challenges, researchers are 

now exploring how unique biomarkers could help to 

improve the outcome for people with cancer by en-

hancing detection and treatment approaches.

When identified at an early stage, biomarkers can pro-

vide an important tool for diagnosing disease types and 

stages, predicting the outcomes of different therapies, 

as well as monitoring pharmaceutical development. 

As such, the BioCARE project is focusing on different 

tumors in order to pursue the identification and valida-

tion of biomarkers as both diagnostic and therapeutic 

targets, and also to facilitate the identification of can-

cer subpopulations based on clinical behavior and treat-

ment response in tumors. BioCARE has a strong focus 

on bringing new knowledge into the healthcare sector.

To this end, BioCARE is using cutting-edge omics 

platforms, extensive biobanks, and close collabora-

tion between senior cancer researchers to identify 

and analyze new biomarkers related to cancer, along 

with the complex networks that these biomarkers 

inhabit. As a result, the BioCARE program hopes to 

have a major impact on the way cancer is diagnosed, 

treated and managed in the next 5-10 years.

Genomic Signatures
To use a very simple analogy, genomic signatures can 

be used to identify cancer cells in the way that a flag 

can identify a particular country. Although each flag 

is composed of several distinct colors and shapes, 

when these items are put together and arranged in a 

certain way, they form a distinctive pattern -- or signa-

ture -- that helps to distinguish one flag from another.

When studying genetic data, researchers are es-

sentially looking for recognizable patterns like these. 

However, they are faced with the challenge of trying 

to extract these “shapes” from huge arrays of genes, 

proteins and/or RNA molecules.

What comes out of this analysis is an incredible, almost 

impossible to imagine amount of data. If it were printed 

out, these findings would run to thousands of pages. 

As such, it has become increasingly difficult to identify 

which genes are relevant, and to what degree, especial-

ly when working with tens of thousands of data points 

being generated by hundreds of different patients.

To make matters even more challenging, research 

groups working in this area typically consist of a col-

lection of highly trained specialists, each of whom has 

a unique technical skill. As a result, each individual 

person on the research team -- whether a pathologist, 

molecular biologist and/or biostatistician -- is often so 

specialized that none of them fully understands ex-

actly what his or her colleagues are doing.

Software Supports Easier Analysis
Despite these challenges, it is absolutely essential for 

scientists working in this area to capture, explore, and 

analyze this vast amount of data effectively, since this 

information is vital if they are to apply their findings to 

real-world conditions.

Fortunately, the latest software in this area is now 

helping to accelerate and facilitate the understanding 

of both the context and relationships of the information 

contained within large data sets by displaying them 

graphically, in real time. The simplicity of this interac-

tion now makes it possible for researchers to work 

with powerful and statistical analysis in entirely new 

ways.  Not only that, but faster analysis means that 

scientists often have more time to test more creative 

theories, which in turn leads to better research results.

When analyzing this research data, scientists often 

rely on principal component analysis (PCA), a meth-

od that can be used to project high dimensional data 

down to lower dimensions. By using PCA, specialist 

software can then be used to plot the lower dimen-

sion data produced via PCA onto a two-dimensional 

computer screen, so that full-color 3D images can be 

rotated and examined with the naked eye more eas-

ily. The application can then be used to manipulate 

For decades, biomedical scientists have been looking for new 
ways to diagnose cancers at an early, curable stage and also to 
select the optimal therapy for individual patients.
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the different PCA-plots -- interactively and in real time 

-- complete with all annotations and other integrated 

links, as well as a number of powerful statistical func-

tions such as false discovery rates (FDR) and p-values.

Data Visualization
When used during cancer research, the ability to visual-

ize this data in 3D represents a powerful tool for scien-

tists looking for new biomarkers, since the human brain 

is very good at detecting structures and patterns. As 

such, this approach to information visualization offers a 

way to transform raw data into a comprehensible graphi-

cal format, so that scientists can make decisions based 

on information that they can understand more easily.

The 3D graphics that can be created with the latest 

software in this area are both stunning and extremely 

useful. For researchers gathering measure points from 

thousands of biological variables, for example, this level 

of data visualization can produce results in seconds, 

even if the researcher isn’t a trained statistician.

Likewise, if the data has batch effects -- or is paired 

with unwanted dependencies -- these variables can be 

removed with just a few mouse clicks, so that the results 

can be delivered and analyzed in real time. It’s therefore 

now possible to investigate the output of large clinical tri-

als very quickly, and therefore test different hypotheses 

and explore alternative scenarios within seconds. As a 

result, scientists looking for new biomarkers can now 

drastically shorten their analysis time when attempting 

to identify relevant structures in their data.

The Future
It’s a known fact that the incidence of cancer increases 

with age, which means that the clinical management 

of cancer will remain a major challenge for the scien-

tific and medical communities for years to come. It 

will therefore be vital to identify new strategies for the 

management and treatment of cancer, and to study 

the key role of biomarkers this area.

Over the last three years, a significant effort has 

been made to develop sophisticated software that is 

not only extremely powerful, but which can also help 

scientists to explore and analyze the high-dimension-

al data sets interactively and in real time. With this 

approach, researchers are already able to analyze and 

explore extremely large data sets -- even those with 

more than 100 million data samples -- on a regular PC.

More important still, the latest, most intuitive soft-

ware in this field will allow the actual researchers in-

volved -- the people with the most biological insight 

-- to study the data and to look for patterns and struc-

tures, without having to be a statistics or computer 

expert. As a result, this kind of software will help to 

provide unprecedented insight for cancer research 

programs like BioCARE, and will therefore play an in-

valuable role in the ongoing study of biomarkers. n

Carl-Johan Ivarsson is a co-founder and CEO of Qlu-

core (www.qlucore.com). He has more than 10 years’ 

experience in the international software and telecom-

munication industries, in both business management 

and sales, including 2 years as the head of Ericsson 

Mobile Platforms in China.
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Young Promise 
High school students uncover genes 
tied to prostate cancer.
By Kerri Hatt

What started as a high school science fair project 
has developed into groundbreaking preliminary re-

search that could change the way prostate cancer is 

diagnosed and treated, improving the quality of life for 

thousands of men who face unnecessary treatment 

and severe side effects.

The study, which appeared in the American Journal 

of Clinical Pathology, was authored by 18-year-old Ali 

Tradonsky and her friend Tammy Rubin.

The two teens worked with Tradonsky’s mother, Dr. 

Sharon Mair, a pathologist and member of the Ameri-

can Society for Clinical Pathology, to identify four genes 

tied to prostate cancer prognosis.

Tradonsky and Rubin began the study in 2009 with 

the goal of determining molecular cytogenetic mark-

ers that could help differentiate aggressive cases of 

prostate cancer from indolent cases.

“As such, the goal of the study was to discover some-

thing new-to make a major breakthrough,” Tradonsky 

told ADVANCE. 

While the young researchers realized from the begin-

ning it would be a long shot to choose markers that 

would end up to be prognostically significant, they 

knew that even negative results would mean they D
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had eliminated markers that others would need to test. 

“We took an educated guess and happened to choose 

the correct genes, and that was our breakthrough,” 

Tradonosky said.

➤ Preliminary Research
Before launching the project, Mair tasked the young 

scientists with learning everything there is to know 

about the prostate gland -- anatomy, physiology, histol-

ogy and how to grade and stage according to Gleason, 

as well as cytogenetic marker staining and medical 

statistics. 

The pair identified the study population by working 

with the tumor registrar; searching patients’ histo-

ries to find out personal and familial characteristics of 

importance to the study (e.g., family history with the 

disease, race, serum PSA levels). They pulled thou-

sands of slides and tissue blocks from hospital storage 

rooms; graded and staged cases on a double-headed 

microscope with their advisor; and made note of be-

nign regions which they would later use for compari-

son as internal controls for every patient.

Throughout this remarkable journey, Tradonsky and 

Rubin worked closely with, and learned from a group 

of scientists at the Hudson Alpha institute from Ala-

bama. “We are eternally grateful to these scientists, 

our coauthors, for affording us the opportunity,” Tra-

donsky said.

The two researchers visited the partner lab to learn 

how to make tissue microarrays and stain them with 

appropriate dilutions of specific antibody immunos-

tains; interpreted marker stains; and analyzed their re-

sults using numerous statistical methods. 

➤ Hoping for Change
“When we first began this project, we knew that we 

would be investing at least 2 years of our time into 

it. As such, we decided to do research on something 

that we had the opportunity to improve. We wanted 

our project to have a real-world application,” Tradon-

osky noted. “Prostate cancer was the perfect option 

because it is one of the most prominent cancers in 

men, and it is the most over treated. Much remains 

unknown with respect to prognostic markers and 

monoclonal antibody treatment in prostate cancer. The 

way society treats prostate cancers now has many un-

necessary economic and personal costs, and that was 

something we hoped we could change.” 

“We hope that our discoveries can be used in the fu-

ture to differentiate prostate cancer patients who need 

treatment from those who can be safely watched,” 

Tradonsky told ADVANCE. “This, in turn, will save 

many men from unnecessary treatment, negative side 

effects from treatment and healthcare costs.”

And they likely will: One of the four genes in the 

study, HEY2, shows particular promise as an indicator 

of aggressive prostate cancer, much as HER2 has been 

linked to aggressive breast cancer. As with HER2, thera-

pies could be developed to target this form of prostate 

cancer, which is highly resistant to current therapies.

“If these results are confirmed, we believe a simple 

kit could be developed to test all four antibodies to 

those genes,” said Omar Hameed, MD, ASCP spokes-

person and associate professor and director of surgi-

cal pathology, Vanderbilt University Medical Center, 

Nashville. “This would provide the doctor with a risk 

assessment tool that could be used to help determine 

which patients should receive radical treatment and 

those who can be safely watched with regular pros-

tate specific antigen (PSA) tests.”

Tradonsky plans to study economics and medicine, 

with an eye towards becoming involved in the busi-

ness side of medicine. She enrolled at the University 

of Pennsylvania community this fall. n

Kerri Hatt is on staff at ADVANCE. She can be reached 

at khatt@advanceweb.com. 

HEY2, shows particular promise as an indicator of 
aggressive prostate cancer, much as HER2 has been 
linked to aggressive breast cancer ... therapies could 
be developed to target this form of cancer, which is 
highly resistant to current therapies.Tradonsky
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 Advanced
 Applications of
 Cardiac Biomarkers 

A review of scientific studies explores the value of 
biomarkers in assessing risk and prognosis.
By David Plaut and Audrey Quinlivan

Coronary disease is the most prevalent lethal 
hazard of hypertension, dyslipidemia, glucose intoler-

ance and cigarette smoking. A number of biomarkers 

will detect cardiac damage, which makes them useful 

not only for the diagnosis of acute myocardial infarction 

(AMI), but also to detect persons at risk of an AMI as 

well as for prognostic information following an MI or 

invasive procedures. The value of serum biomarkers in 

assessing risk and prognosis is discussed in this review.

➤ Studies by Daniels et al.
Some 957 older adults, 39 of whom had detectable 

troponin (Tn), were studied by Daniels et al.1 for sev-

en years. The risk ratio was determined at the end of 

the study period: Apparently healthy adults with de-

tectable Tn or elevated N-terminal pro-B-type natri-

uretic peptide (NT-proBNP) levels are at increased risk 

of death (risk = 2.0 and 1.8 respectively). Those with 

both Tn and NT-proBNP elevations are at even A
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higher risk (3.0); this increased risk persists for years.1

The same group studied plasma GDF-15 (growth-

differentiation faCTor-15), NT-proBNP and CRP levels 

in 1,391 patients with a mean age of 70 years with 

no history of CVD. They followed individuals for an av-

erage of 11 years. They concluded that GDF-15 is a 

strong predictor of all-cause, cardiovascular and non-

cardio-vascular mortality in community-dwelling older 

individuals, adding incremental value to traditional risk 

factors and NT-proBNP and C-reactive protein levels.1  

➤ Studies by Khan 
Khan et al.2 found much the same and concluded that 

“GDF-15 provides prognostic information over and 

above clinical factors and the established biomarker 

NT-proBNP.”

Growth differentiation factor-15 is a new marker for 

predicting death and heart failure in post-AMI patients. 

In work reported by Khan et al.,2 GDF-15 has shown 

to provide prognostic information over and above clini-

cal factors and the established biomarker NT-proBNP. 

Combined levels of GDF-15 with NT-proBNP can iden-

tify a high-risk group of patients.

Discharge BNP levels in acute heart failure patients 

reflect volemia and disease severity. Persistently high 

BNP levels during hospitalization should raise the pos-

sibility of remaining congestion, which could negative-

ly influence prognosis. The utility of BNP as prognostic 

marker in heart failure may reside on its ability to reflect 

multiple underlying pathophysiological disturbances. 

 
➤ Studies by Scirica
Both hsCRP and BNP measured 30 days after ACS are 

independently associated with the risk of heart failure 

and cardiovascular death, with the greatest risk occur-

ring when both markers are increased.3

In a study of BNP and hsCRP levels in 119 patients 

who died, the levels were significantly higher than in 

survivors. In a regression model for total death and 

cardiac death in all patients, the hazard ratio (HR) in the 

highest quartile (Q4) compared to the lowest quartile 

(Q1) of BNP was 2.32 and 3.34, respectively.3  

In Tn positive patients (T > 0.01 ng/mL), the HR for 

total death and cardiac death in Q4 compared to Q1 

was 2.12  and 3.42, respectively. The HR for total 

death for hsCRP in Q4 compared to Q1 was 1.97, but 

this biomarker did not predict cardiac death. No prog-

nostic impact of these two biomarkers was found in 

the Tn negative patients.3 

➤ Diabetes and Serum Leptin Levels
Diabetes and fasting glucose are associated with in-

creased perioperative cardiovascular event rates in pa-

tients undergoing noncardiothoracic surgery. In some-

what similar work, Noordzij4 reported that preoperative 

hyperglycemia is associated with increased (cardio-

vascular) mortality in patients undergoing noncardiac, 

nonvascular surgery.

Serum leptin levels are correlated with cardiovascu-

lar disease (CVD) risk and metabolic syndrome. Anal-

ysis of leptin as part of routine physical examinations 

may prove beneficial for early diagnosis of metabolic 

syndrome.4 There is an increasing interest in the role 

of leptin in cardiovascular pathophysiology, includ-

ing proinflammatory effects. Many studies5 have re-

ported elevated leptin levels in non-catheterized pa-

tients with CHF; however, the role of leptin in CHF 

remains unclear.

Another study by Kajikawa6 disclosed factors associ-

ated with the increase in serum leptin and adiponec-

tin. Serum levels of leptin may be associated positively 

with metabolic syndrome, whereas adiponectin levels 

are associated negatively with metabolic syndrome 

and CHD, even in patients with various coronary risk 

factors. There is a significant relationship between se-

rum leptin levels and peak VO², VE/VCO² slope and 

levels of inflammatory markers in patients with CHF.6

 
➤ Osteopontin
Osteopontin (OPN) is a new marker and a bone-related 

protein. It was present within atherosclerotic plaques, 

most strikingly in calcified plaque, in 120 subjects who 

underwent coronary angiography because of ischemic 

chest pain.7 Patients with CAD had increased plasma 

OPN when compared with those without CAD. Plas-

ma OPN levels were significantly positively correlated 

with an atherogenic lipid profile, hsCRP, and the num-

ber of stenosed coronary vessels in CAD patients. In 

multivariate analysis, OPN was an independent predic-

tor of CAD.7

Diabetes and fasting glucose are associated with increased 
perioperative cardiovascular event rates in patients undergoing 
noncardiothoracic surgery.
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➤ Independent Risk Factors
Inflammatory basis in the pathogenesis of CAD have 

been demonstrated in recent decades. In a study re-

ported by Hatmi,8 Tn levels above 0.1 microg/lit was 

significant predictors of MI and CPR at 30 days follow 

up period.

WBC count also is a strong independent predictor of 

mortality in patients with ACS and has positive correla-

tion with coronary risk factors, cardiac biomarkers and 

CRP. According to Kincl,9 there are a number of bio-

markers that point to CHD, including leukocyte count, 

CRP level, triglycerides and uric acid. While they’re as-

sociated with the presence of both acute and chronic 

ischaemic heart disease, they’re not associated with 

number of stenosed vessels.

In addition, glycemia, HDL cholesterol (namely fibrino-

gen) and creatinine have relation to occurrence of insig-

nificant atherosclerosis. Many investigators feel that the 

lipid connection is now concerned with the apoprotein 

makeup of the lipids, subfractions of lipids, and Lp(a).

Cystatin C could be a useful laboratory tool in pre-

dicting the presence and severity of CAD in daily prac-

tice. It also correlates significantly with biochemical 

risk factors for CAD, namely homocysteine, low HDL 

and CRP.10 Among patients considered to be at low risk 

based on the estimated GFR using serum creatinine, 

those with high concentrations of Cys C could have 

severe CAD. Besides CKD, Cys C might serve as a 

marker of CAD severity.

 
➤ Meta Analysis
Thirteen studies were included in a meta analysis in-

volving 45,108 patients.11 The duration of follow-up 

was 5-25 years (mean 13.4 years) and the age range 

was 25-84 years. Patients with diabetes without prior 

myocardial infarction have a 43% lower risk of develop-

ing total CHD events compared with patients without 

diabetes with previous myocardial infarction (summary 

odds ratio 0.56, 95% confidence interval 0.53-0.60). 

This meta-analysis did not support the hypothesis that 

diabetes is a “CHD equivalent.” n

David Plaut is a chemist and statistician in Plano, TX. Au-

drey Quinlivan is a medical technologist based in Ithaca, NY.
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