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Comparison of gene expression data from homogenized and lysed 

patient tissue derived from either unstained or hematoxylin and eosin 

(H&E)-stained sections shows a high correlation (r2>0.98). This provides 

an advantage when studying heterogeneous tumours that are micro- 

dissected from H&E stained slides. In fact, using this methodology, 

an estrogen-receptor-positive tumour was analysed and one of the 

tumour foci had a more advanced tumour expressing the mesenchymal 

marker, FN1 (fibronectin). This was only possible by running a 40-plex 

assay on minimal input material (microdissected from 20|µm section) 

representing markers for molecular classification, epithelial to mesen- 

chymal transition, and proliferation markers [7]. A recent audit on 

breast cancer diagnosis, indicates clearly that heterogeneous cases 

characterized using the bead-based multiplex assays on resection 

tumour samples are not represented in matched biopsies used for 

patient diagnosis. In fact, only 3.5% of 97 intra-tumour hetero-

geneous cases were detected in a cohort of 570 patients at diagnosis. 

The advantage of the digitalized result of the Innoplex assays is to 

avoid increasing the workload of pathologists when resected samples 

are re-analysed to characterize multiple sites within a tumour.

Multiplexing provides both sensitivity and versatility in biomarker 

validation and was instrumental in our hands to measure gene 

amplifications in cancer-derived exosomes (tumour-derived vesicles 

in blood) using plasma from CRC patients. Of interest, these 

methods have been optimized using cancer cell lines to measure 

RNA transcripts in cells at low abundance, mimicking the isolation 

of circulating tumour cells from blood [5]. In this study we show 

that measurement of transcripts of EPCAM (encoding epithelial cell 

adhesion molecule), KRT19 (encoding keratin, type I cytoskeletal 

19), ERBB2 (encoding HER2) and FN1 maintain a linear signal down 

to 15 cells or less. In addition, the simple workflow with direct 

measurement using lysed cells enables this assay to be translated 

more efficiently to the clinical setting. Absolute quantification of 

transcripts presents alternative endpoint methods to the Invitrogen 

QuantiGene™ Plex Assay. Droplet digital PCR (dPCR) and Nanostring’s 

nCounter® technology are precise and sensitive methods. Multiplexing 

in dPCR is limiting and RNA studies are hindered by reverse transcription 

inefficiency. The nCounter® technology requires multiple target en- 

richment (PCR-based pre-amplification) to measure low input RNA, 

which introduces amplification bias and risk for false positive results.

Summary
In conclusion, the innovative multiplex assays indicate a shift from 

reactive medicine (treating patients based on average risks) towards 

predictive, precise and personalized treatment that takes into account 

heterogeneity of primary tumour, progression of tumour during 

therapy and the metastatic surveillance of the individual patient. The 

versatility of the method allows the development of various assays 

to support different applications (Figs|1 & 2). Our first innovative 

methods were developed for the molecular classification of luminal 

and basal breast cancer and to predict sensitivity to specific therapy 

in triple-negative breast cancer subtype [8]. As discussed above, the 

multiplex assays have a wide range of possible applications in the 

diagnosis of tumours and surveillance of tumours during therapy. 

The main advantages of these methods include:

(a)  implementation of high-throughput analysis which has a 

positive impact on remote testing and implementation of such 

assays in patient surveillance and clinical trials;

(b)  the digitalized result excludes subjectivity and equivocal 

interpretation, which are common events in image-based 

measurements, and also eliminates the need for highly 

specialized facilities and human resources;

(c)  accurate and precise detection of multiple targets in one 

assay, minimizing the use of precious patient samples; and

(d)  enables the measurement of gene expression in 

heterogeneous tumours and low input / low quality patient 

material. The method is streamlined with the current patho- 

logy laboratory practices resulting in a workflow that is 

cost-effective and with minimal turnaround time.

Figure 2. Innoplex assays are based on the integration of existing 
technologies with novel biomarker panels
(a) xMAP Luminex Technology; and (b) the Invitrogen QuantiGene™ Plex Assay
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Molecular Diagnostics

by Dr Jacqueline Gosink

Gastrointestinal complaints are very common and can be difficult to diagnose. Among 
the many causes are genetic deficiencies in digestive enzymes. Molecular genetic analysis 
of polymorphisms in the patient’s DNA can determine if inborn enzyme deficits are 
behind the digestive problems, aiding differential diagnostics. Primary lactose intolerance, 
for example, is associated with polymorphisms in the regulatory region of the lactase 
gene (LCT), whereas hereditary fructose intolerance (HFI) is caused by mutations in the 
aldolase B gene (ALDOB). A PCR-based DNA microarray provides parallel determination 
of the two main lactose intolerance-associated polymorphisms (LCT-13910C/T and 
LCT-22018G/A ) as well as the four HFI-associated mutations (A149P, A174D, N334K and 
del4E4). The fast and simple determination includes fully automated data evaluation, 
ensuring highly standardized results.

Lactose intolerance
Primary lactose intolerance is a genetically caused deficiency of 

lactase, the enzyme responsible for splitting lactose into its 

constituent sugars glucose and galactose. In affected patients, 

undigested lactose is fermented in the ileum and large intestine, 

producing by-products such as short-chain fatty acids, methane and 

hydrogen, which cause the typical symptoms of abdominal pain, 

nausea, meteorism and diarrhea. Secondary manifestations include 

deficiencies, for example of vitamins, and as a result unspecific 

symptoms such as fatigue, chronic tiredness and depression.

Lactose intolerance represents the natural state in mammals. Lactase 

activity decreases after weaning and in adulthood is often only a 

fraction of the activity in infancy. Some humans, however, retain the 

ability to metabolize lactose into adulthood due to specific genetic 

variants. The frequency of lactase persistence is around 35% 

worldwide, although it varies greatly between different population 

groups. It is prevalent in regions with a long tradition of pastoralism 

and dairy farming, for example in Europe and in populations of 

European descent. In large parts of eastern Asia, on the other hand, 

almost 100% of the population is lactose intolerant.

In addition to the primary genetically caused form of lactose 

intolerance there is also the secondary acquired form. This 

develops as a result of damage to the intestine, for example from 

other gastrointestinal diseases such as Crohn’s disease, coeliac 

disease, infectious enteritis or injury from abdominal surgery. The 

two forms need to be distinguished diagnostically because of the 

need for different treatment regimes. Whereas individuals with 

primary lactose intolerance must adhere to a lactose-free or 

low-lactose diet for life or alternatively take lactase supplements, 

those with secondary lactose intolerance need only restrict their 

dairy intake until the intestinal epithelium has regenerated 

through treatment of the underlying cause.

Diagnostics of lactose intolerance

Classic diagnostic tests for lactose intolerance are the hydrogen 

breath test and blood glucose tests, with which the patient’s ability 

to metabolize lactose is examined. However, these tests have a low 

specificity and sensitivity and are influenced by individual factors 

such as the composition of intestinal flora, colonic pH, gastrointestinal 

motility and sensitivity to lactose fermentation products. Moreover, 

they cannot distinguish between the primary and secondary forms 
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