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THIS REPORT MUST INCLUDE INFORMATION FROM THE ENTIRE PROJECT  

 

3. EXECUTIVE SUMMARY  
This must report on the ENTIRE project. Address the objectives and milestones of the project as well as 
the impact of the study on the industry, not exceeding 500 words. You can overtype the example. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Objectives & Rationale 
The objective of this study was to identify genetic risk factors implicated in impaired cellular 
detoxification and a decreased antioxidant defence capacity that may be influenced by alcohol 
consumption, with the aim to integrate the research findings into an existing pathology-
supported genetic testing platform for clinical application. Several studies have shown that 
moderate consumption of antioxidant-rich alcoholic beverages such as red wine has a 
favourable effect on cardiovascular disease (CVD) risk factors. However, excess alcohol intake 
is associated with an increased risk of various types of cancer.  

 
Methods 
The main study population included 37 healthy individuals (19 males, 18 females; aged 26-71) 
participating in an intervention study of moderate alcohol intake. After a two-week washout 
period, 50% of the participants consumed 250/175 ml red wine per day for 28 days, 
(corresponding to 33.75 g and 23.63 g alcohol per day) and 50% consumed 50/40 ml brandy 
per day for 28 days (21.5 g and 17.2 g alcohol per day), respectively for men and women. This 
intervention was followed immediately by a cross-over period of wine or brandy consumption for 
28 days. The reduced to oxidized glutathione ratio (GSH:GSSG) was measured according to 
standard laboratory protocols. All study participants were genotyped for the GSTT1 and GSTM1 
deletion polymorphisms, as well as the low-penetrance HFE C282Y (rs1800562 G>A) and 
H63D (rs1799945 C>G) mutations forming part of a previously-described multi-gene CVD 
assay including 10 functional polymorphisms. Genotyping was performed using real-time 
polymerase chain reaction (PCR) methodology. The results were incorporated into a pre-screen 
algorithm for whole exome sequencing (WES), which was applied in an extended sample based 
on specific eligibility criteria. 
 
Key Results 
Wine consumption (p=0.019) was associated with a lesser increase in GSSG from baseline 
compared to brandy (p=0.004). A significant decrease in GSH from baseline was however only 
demonstrated for the brandy (p<0.001) and not wine intervention group (p=0.510). In addition, a 
significant interaction between HFE genotype and alcohol consumption on the GSH:GSSG ratio 
was found for both intervention groups, with a significant reduction in the ratio found to be 
restricted to HFE C282Y and/or H63D mutation carriers (p=0.034). Since no interaction was 
detected between GSTT1/GSTM1 and alcohol consumption, the deletion variants were not 
included in the WES pre-screen algorithm. 
 
Conclusion/Discussion 
The opposing effects of alcohol on CVD and cancer risk present a clinical dilemma that may 
partly be addressed by genetic testing to identify high-risk individuals who should preferably 
abstain from alcohol consumption. Calculation of a multigene risk score by counting the number 
of alleles found to interact with alcohol intake may therefore increase awareness about 
individual cut-off limits for safe drinking habits previously defined for males and females. 
Analytical validation of the multi-gene CVD assay used to screen for actionable variants known 
to interact with alcohol, facilitated the development of a screening algorithm for selection of 
individuals eligible for WES. Our findings may contribute to the development of healthcare 
policies aimed at promoting safer drinking habits at an individual level. 
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4. PROBLEM IDENTIFICATION AND OBJECTIVES 
 State the problem being addressed and the ultimate aim of the project.   
 
Oxidative stress as the major focus for this study plays a multifunctional role in the development 
of a broad spectrum of chronic non-communicable (NCDs) diseases (Matsuda and Shimomura 
2013). Recent years have therefore demonstrated a growing interest in identifying oxidative 
stress biomarkers involved in ageing and NCDs including CVD, lifestyle-related epithelial 
neoplasms, Alzheimer’s disease, atherosclerosis, diabetes mellitus, Parkinson’s disease and 
rheumatoid arthritis. Meta-analyses support the health-promoting effects of light to moderate 
consumption of antioxidant-rich alcoholic beverages as a means of ameliorating cardio-
metabolic risk and preventing the development of adverse cardiac outcomes (Brien et al. 2011; 
Ronksley et al. 2011). There is particular interest in the benefits of red wine, containing 
flavonoids and stilbenoids which may prevent lipotoxicity, possess vaso-relaxant, anti-
atherosclerotic and anti-inflammatory properties, increase insulin sensitivity, decrease blood 
viscosity, inhibit platelet aggregation and promote endothelial integrity.  
 
While alcohol consumption has been associated with favourable effects on cardiovascular 
heath, it has also been implicated in the development of various types of cancers including 
breast, mouth, throat, laryngeal, oesophageal, liver and bowel cancer (Cancer research, UK). 
Between 4-5% of breast cancer cases are primarily caused by alcohol consumption 
(Longnecker 1994; Parkin et al. 2011). A pooled analysis of >300 000 women and 4 335 cases 
suggested that consumption of 2-5 alcoholic beverages per day increases the risk of breast 
cancer by roughly 40% (Smith-Warner et al. 1998). The underlying mechanisms through which 
alcohol is thought to increase the risk for breast cancer include an influence on circulating 
estrogen levels (Purohit 1998), enhanced permeability of chemical carcinogens, immune 
function, metabolism of alcohol to acetaldehyde (a known carcinogen) (Feron et al. 1991) and 
decreased absorption of essential nutrients such as dietary folate (Thomas 1995).  
 
In a recent randomized crossover alcohol intervention study, we investigated the influence of 
risk-associated genetic polymorphisms functioning in lipid metabolism pathways on cardio-
metabolic risk profiles in a South African patient cohort, which produced policy-relevant local 
data on which action and advocacy of safer drinking habits could partly be based. This study 
showed that the detrimental dyslipidemic effects of alcohol consumption in a subset of 
individuals are partly mediated by polymorphic genetic variation in the hemochromatosis (HFE), 
apolipoprotein E (APOE) and methylene tetrahydrofolate reductase (MTHFR) genes (Kotze et 
al. 2014) (Table 1). In an extended data set including participants studied by van der Merwe 
(2016), cholesterol associated genetic variants were also shown to modify the association 
between alcohol intake and metabolic risk traits including BMI and total cholesterol levels, with a 
deleterious increase in both being restricted to genotype positive individuals (unpublished data). 
These findings served to validate the clinical relevance of assessing non-genetic data including 
alcohol and other lifestyle factors as part of a multidisciplinary approach to chronic disease 
screening incorporating genotyping to inform clinical and therapeutic decision-making in the 
context of vascular risk management.  
 
 
Table 1. Summary of the low-penetrance mutations evaluated as part of the CVD multi-gene 
test and their metabolic associations. 
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Alcohol is known to promote iron absorption, which if excessive alcohol intake could promote 
the formation of oxygen free radical species. Glutathione-S-transferases (GSTs) catalyze the 
conjugation of reduced glutathione with oxygen free radicals, thereby contributing towards the 
systemic antioxidant defence capacity. Deletion polymorphisms in the GST mu-1 (GSTM1) and 
theta-1 (GSTT1) genes, associated with decreased enzymatic activity, have been associated 
with cardiovascular risk (Cornelis et al. 2004; Syed et al. 2010; Tang et al. 2010). These 
polymorphic variants further influence the detrimental effects of excessive alcohol consumption 
and tobacco use on DNA adduct formation as an important initializing event in neoplastic 
transformation (Rundle et al. 2003). Although our previous studies have confirmed the influence 
of genetic variation in the HFE gene, the impact of a combined genotype risk score 
incorporating functional variants in the GSTM1/GSTT1 genes implicated in oxidative stress and 
detoxification of carcinogens have not been studied in this context.  
 
While “one-gene-at-a-time” studies can provide important information on the contributions of 
individual genes and evolutionarily conserved pathways to alcohol sensitivity, it is becoming 
increasingly clear that complex phenotypes are emergent features of dynamic networks of 
interacting genes (Ayroles et al. 2009; Morozova et al. 2012). Systems genetics approaches 
can generate insights in the relationship between DNA sequence variants, variation in transcript 
abundance and variation in organismal phenotype, gene-gene interactions and the effects of 
genetic or environmental perturbations on the composition of genetic networks (Mackay 2014). 
Towards this approach, a combined research and service delivery platform has been developed 
for application of pathology-supported genetic testing (PSGT) (Kotze and van Rensburg 2012). 
PSGT combines the evaluation of various genetic and lifestyle factors together with pathology to 
enable interpretation of genetic test results, more holistic risk assessment and targeted lifestyle 
risk reduction strategies. Through this platform, an internship program for capacity building and 
engagement of clinicians in a genomics-based wellness program, has been developed (Kotze et 
al. 2013).  
 
The objective of this research was to weigh the benefits and risks of alcohol consumption in 
light of its dual effects on health to satisfy the ethical principal of clinical equipoise. The primary 
aim was to develop and validate a novel genotype-phenotype risk model allowing for the 
promotion of safer drinking habits based on individualized assessment and guided partly from a 
genetic background. It is anticipated that insights gathered as a result may ultimately help 
inform public healthcare policy by providing a new approach to promoting safe limits for alcohol 
consumption in the South African clinical domain.  
 
 

5. DETAILED REPORT 
Completion of a, b, c and d is obligatory. 

 
a. PERFORMANCE CHART (for the duration of the project) 

 

Milestone Target Date 
Extension 

Date 
Date 

completed 
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1. Development of a clinician education 
program (Book written as final output by 
Dr van Velden – see below) 

March 2015 
(Workshop) 

 October 2015 
(Short Course 
for clinicians) 

2. Screening and selection of study 
participants 

Dec 2015  Dec 2015 

3. Biochemical correlation using database:  
Investigate the influence of clinically 
actionable susceptibility variants 
implicated in impaired cellular 
detoxification and a decreased 
antioxidant defence capacity on 
biomarkers for oxidative stress and 
antioxidant defence capacity in relation 
to alcohol consumption and lifestyle 
habits. 

 
Extended genetic analysis by intern 
medical scientist, N van der Merwe. 

Sept 2016 
 
 
 
 
 
 
 
 
 
Dec 2016 

 Sept 2016 
 
 
 
 
 
 
 
 
 
Dec 2016 

4. Develop and validate a novel genotype-
phenotype risk assessment model to 
provide guidelines for safe drinking 
habits and cut-off limits based on 
individual evaluation guided partly from 
a genetic background 
a) Statistical analysis and construction 

of risk assessment model  
b) Clinical application and validation of 

risk assessment model   
 

Safe drinking habits described in a book 
by PI, based on more than 10 years of 
research 

May 2017 
 
 
 
 
 
 
 
 
 
Dec 2017 

 May 2017 
 
 
 
 
 
 
 
 
 
Dec 2017 

5. Journal publication(s) – final milestone 
(list intended Peer Reviewed and 
Popular/Semi-scientific publications.  
Completed publications to be listed in detail 
under point 6d) 

September 
2018 

 To be 
published after 
peer review 

 
 

b)  WORKPLAN (MATERIALS AND METHODS) 
List trial sites, treatments, experimental layout and statistical detail, sampling detail, cold storage 
conditions and examination stages and parameters.  
 

Selection of study population and ethical considerations  
Ethical approval for the present study is covered under project reference numbers N09/08/224 
and N09/08/225 approved by the Health and Ethics Review Committee (HREC) of the 
University of Stellenbosch. For these ongoing projects the sample size will be increased as well 
as the number of genetic variations analysed as part of the proposed study. This will include 37 
healthy volunteers (19 males, 18 females; aged 26-71) who previously participated in a 
randomized cross-over alcohol intervention study as described in Kotze et al. (2014) designated 
the Intervention Study Group, as well as patients enrolled in an ongoing genomics-based 
chronic disease risk management program designated the Implementation Study Group. 
Patients with a known diagnosis of monogenic disorders of lipoprotein metabolism, renal 
disorders, chronic liver disease or a family history of alcoholism will be excluded from 
comparative statistical analyses. All prospective participants will be required to provide 
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voluntary informed consent for research participation as perquisite for inclusion in the present 
study. The questionnaire used for a needs-assessment among clinicians towards development 
of the Applied Genetics Short Course has also been approved by the HREC. 
 
Questionnaire-based clinical and lifestyle assessment  
All prospective study participants will be asked to complete a Medical History and Lifestyle 
developed in collaboration with a registered dietician and approved by the HREC at the 
University of Stellenbosch. This study questionnaire will be used to document relevant 
information including personal and family medical history, socio-demographic and 
anthropometric data, lifestyle and dietary habits as well as medication use. Blood pressure, 
body weight, height as well as waist and hip circumference will be measured and documented, 
and used to calculate body mass index (BMI) as well as the waist-to-hip ratio (WHR). Physical 
activity will be categorized into none/occasionally, low (1 time/week), moderate (2-3 times/week) 
or high (≥4 times per week). The type and regularity of alcoholic beverages consumed will be 
documented, and differentiated into abstain (0 units/week), 1-2 units/week, 1-13 units/week, 14-
21 units/week and ≥ 22 units/week to determine optimal cut-off levels for males and females 
based on genotype-phenotype association studies. The number of days per week patients 
consumed certain foods rich in saturated fat, antioxidants and folate over the course of the 
preceding three months will also be documented and used to derive a fat, fruit and vegetable as 
well as folate score.  
 
Biochemical analysis  
A peripheral venous blood sample will be drawn from study participants by a suitable trained 
clinician according to standard procedure following a 12-hour overnight fasting period. Blood 
tests will be performed on the specimen, the remainder of which will be stored for subsequent 
DNA analysis and genotyping. Biomarkers for oxidative stress, including conjugated dienes, 
thiobarbituric acid reactive substances (TBARS), reduced to oxidized glutathione ratio 
(GSH:GSSG), oxidized low-density lipoprotein (ox-LDL) and oxygen radical absorbance 
capacity (ORAC) has already been determined in the Intervention Study Group according to 
standard laboratory protocols.  
 
DNA analysis and genotyping  
DNA will be extracted from saliva using the Oragene® reagents or from whole blood using the 
commercial QIAamp® DNA Midi-kit supplied by Qiagen®. In addition to the genetic risk factors 
included in table 1, functional polymorphic variants in the GSTM1 and GSTT1 (allelic deletion) 
genes were selected for analysis due to their multifunctional role in impaired cellular 
detoxification and oxidative stress. Conventional polymerase chain reaction (PCR) followed by 
direct DNA sequencing was performed for detection of internal control DNA samples (K1-K5). 
Direct sequencing of the PCR fragments resulted in the identification of the wild type, 
heterozygous and homozygous genotypes for these variants. These samples were used for 
analytical validation of high-throughput genotyping using TaqMan® SNP Genotyping Assays 
(Applied Biosystems, Werterstadt, Germany) performed on the Corbett Rotor-Gene™ 6000 
series Multiplexing System. Gel electrophoresis of PCR amplification products allowed for the 
identification of GSTM1 and GSTT1 deletion polymorphisms (null allele) compared to samples 
of known genotype which served as internal non-template controls.  A real-time PCR assay was 
standardised for the GSTM1/GSTT1 deletion polymorphisms as part of this study to allow more 
cost-effective high-throughput genotyping analysis for statistical analyses of combined effects. 
Extended analysis was performed as appropriate, including WES in eligible cases. 
 
Statistical analysis and construction of risk assessment model  
All comparative analyses will be performed using the R Studio software package and verified by 
a qualified biostatistician. Baseline qualitative attributes will be described using contingency 
tables and cross-tabulation frequencies, and compared between study groups using the 
Fisher’s exact or Pearson’s Chi-squared test. Quantitative phenotypes will be described as the 
means along with standard deviation (SD) and compared between study groups using a 
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Student’s t-test, assuming normality of distribution. Non-normal numerical data will be log-
transformed; if the best-fitting model is still not normally distributed, data will be described as the 
median with interquartile range (IQR) and compared between study groups using the Wilcoxon 
signed-rank test. Genotype distribution and risk-allele frequencies will be estimated by allele 
count and Hardy-Weinberg equilibrium (HWE) assessed using an exact test. Before including 
variables in analyses used for genotype-phenotype association studies, their distribution 
between genotype groups will be evaluated in order to identify potential genetic confounders 
which will subsequently be adjusted for. Linear regression analysis will be performed in order to 
investigate the influence of risk genotypes on selected biomarkers in relation to alcohol intake 
and lifestyle habits. The aim of this analysis will be to determine which cut-off limit for alcohol 
consumption for a particular individual genotype corresponds to the least degree of 
derangement in the combined biomarkers investigated. Moreover, the aim will be to determine 
whether deranged biomarker levels for particular genotype combination and alcohol intake may 
be ameliorated by certain lifestyle-based interventions. 
 
 

c)  RESULTS AND DISCUSSION 
State ALL accumulated results from the start of the project, including a short discussion where applicable. 

 
Our results support the concept that multi-gene testing, when performed as part of a com-
prehensive CVD risk assessment strategy that takes alcohol consumption and other modulators 
of phenotypic expression into account, may facilitate the timely implementation of tailored 
lifestyle-centred treatment strategies and prioritise pharmacotherapy. This includes the use of 
HFE genotyping to evaluate redox status, APOE genotyping for reducing cardiovascular risk 
and Alzheimer’s disease, as well as TNF-a genotyping to prioritize the need for anti-
inflammatory therapeutic adjuncts. MTHFR genotyping performed as part of the CVD multi-gene 
assay as the core component of the chronic disease / wellness screen demonstrated a 
significant association with increased BMI. The results were incorporated into a comprehensive 
pathology-supported genetic testing algorithm applied in the selection of genetically 
uncharacterised patients for extended mutation analysis using whole exome sequencing. 
 
Elevated BMI is also a risk factor for MS, which was considered together with alcohol intake in a 
Caucasian woman diagnosed with both MS and invasive ductal carcinoma at age 38 years and 
43 years, respectively. No family history of cancer or MS was reported in this patient with triple 
negative breast carcinoma, as determined by immunohistochemistry tests. WES was performed 
to screen for causative mutations and shared disease pathways in the index case, followed by 
genotype-phenotype association studies in an extended study population. After exclusion of a 
high-penetrance BRCA1/2 mutation, we searched for genetic variation in the iron metabolism 
and inflammation pathways. This was based on iron deficiency and high C-reactive protein 
levels detected during the WES pre-screen step. Extended genotyping was performed in 104 
MS patients using real-time polymerase chain reaction (PCR), evaluated in relation to MS 
disability status. Genetic variation was detected in both the HFE and matriptase-2 (TMPRSS6) 
genes with opposing effects on serum iron status. Homozygosity for the iron-lowering 
TMPRSS6 missense mutation, A736V (rs85571), was compatible with detection of low serum 
iron (10.8 μmol/L) and transferrin saturation (15%) levels. High serum ferritin (359 ng/mL) levels 
in the presence of raised C-reactive protein (10.5 mg/L) is associated with inflammation, as 
supported by the detection of the pro-inflammatory TNF-alpha -308 C>A functional 
polymorphism. The iron-loading HFE H63D mutation had a protective effect against MS 
disability, as reflected by the expanded disability status score (EDSS) [GC/GG (2.5; 95% CI 1.4- 
3.6) vs CC (4.1; 95% CI 3.4- 4.9), p=0.04]. Our results support previous findings of reduced 
TMPRSS6 gene expression in sporadic triple-negative breast cancer. Further studies are 
warranted to elucidate the potential clinical significance of shared disease pathways in MS 
patients with an increased requirements for iron in the diet, since alcohol affects iron uptake. 
Towards this goal, we collaborated in another Winetech-supported study (PI: Prof SJ van 
Rensburg), to determine whether blood iron parameters were associated with fractional 



Researcher surname 8 
 

This document is confidential and any unauthorised disclosure is prohibited 
  
Version 2015 

 

anisotropy (FA) used to measure microstructural white matter properties in MS patients. A 
slightly increased risk of breast cancer in MS patients unrelated to reduced parity or delayed 
child birth reported in the literature, raised the possibility of shared genetic risk factors 
underlying the “missing heritability” in MS. Notably, positive associations were found between 
FA and the iron parameters serum iron, ferritin and percentage transferrin saturation in all the 
white matter tracts studied by Herbert et al. (2018).   
 
In the setting of genetic testing methodology, we updated the technique used for 
GSTM1/GSTT1 genotyping performed as part of a research panel utilized in the chronic disease 
screening program. This technique was adopted from an article by Marin et al (2010) which 
enabled a move from conventional PCR and gel electrophoresis to quantitative real-time PCR 
applied for extended genotyping in breast cancer patients. The baseline characteristics of 
breast cancer patients as outlined in comparison to those of controls in Table 2. Breast cancer 
patients were on average 4 years older (p=0.008) and presented with a 2 kg/m² lower BMI 
(p=0.019) in comparison to control individuals. Furthermore, breast cancer patients reported a 
significantly lower dietary intake of saturated fat (p=0.032) and higher consumption of fruit and 
vegetables (p<0.001) than controls. A significant difference in the level of weekly physical 
activity was also noted between the two study groups (p=0.008), with 77% of breast cancer 
patients exercising at least twice a week compared to 52% of controls. Otherwise, breast cancer 
patients and controls did not differ significantly with regards to alcohol consumption, dietary 
folate intake, current smoking status or medication use.  
 
 
Table 1. Baseline characteristics of breast cancer patients (n=57) compared to population-
matched controls (n=125). 

Baseline characteristics 
Breast cancer 
patients (n=57) 

Controls 
(n=125) 

P-value 
 

Age (years) 51 (11) 47 (11) 0.008 
BMI (kg/m²) 25 (4) 27 (6) 0.019 
 
Alcohol intake 
Abstain 
1-2 units occasionally 
1-13 units/week 
14-21 units/week 

 
 

13 (23%) 
26 (46%) 
13 (23%) 
5 (9%) 

 
 

44 (37%) 
44 (37%) 
30 (25%) 
2 (5%) 

 
0.050 

 
Physical activity 
None/occasionally 
Low (once/week) 
Moderate (2-3 times/week) 
High (≥4 times/week) 

 
 

11 (19%) 
2 (4%) 

25 (44%) 
19 (33%) 

 
 

47 (38%) 
13 (11%) 
39 (32%) 
24 (20%) 

0.008 

 
Fat score (units) 

 
13 (8) 

 
16 (8) 

 
0.032 

Fruit and vegetable score 
(units) 

13 (5) 11 (5) <0.001 

Folate score (units) 8.4 (3.3) 7.3 (4.6) 0.095 
Current smoker  7 (13%) 10 (8%) 0.370 
Hormone replacement therapy 
(HRT) 

5 (10%) 24 (21%) 0.063 

Oral contraceptive use  3 (12%) 6 (11%) 0.305 

 
 
Genotype and Minor Allele Frequency Distributions 
Genotype and minor allele frequency distributions for each of the four polymorphic variants of 
interest are shown along with unadjusted HWE p-values in Table 2. A significant difference in 
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the genotype distribution was detected for the GSTT1 (p=0.037) but not GSTM1 (p=0.289) 
deletion polymorphism between breast cancer patients and controls. The genotypic effect for 
GSTT1 deletion was interpreted as increasing the risk for breast cancer by 162% (OR=2.38; 
95% CI: 1.06-5.39). No significant differences in the genotypic or allelic distribution for COMT 
rs4680 or SOD2 rs4880 were otherwise noted between the two study groups. 
 
 
Table 2. Genotype and minor allele frequency distributions for the COMT rs4680, SOD2 
rs4880, GSTM1 and GSTT1 deletion polymorphisms compared between breast cancer patients 
(n=57) and controls (n=125).  

 
Breast cancer 

patients 
Controls 

Unadjusted P-
value 

Typed  57 125  
 
COMT rs4680 (1947G>A) 

  
 

0.750 
G/G 0.23 0.26 

 G/A 0.49 0.43 
A/A 0.28 0.31 
A 0.53 0.52 0.915 
HWE* 1.00 0.151  
SOD2 rs4880 (47T>C)   0.110 
T/T 0.16 0.23 

 T/C 0.60 0.47 
C/C 0.25 0.30 
C 0.54 0.53 0.174 
HWE 0.13 0.56  
GSTM1 deletion 
polymorphism 

  0.289 

not detected  0.40 0.49 
 

null allele genotype 0.60 0.51 
GSTT1 deletion 
polymorphism  

  0.037 

not detected   0.75 0.88 
 

null allele genotype 0.25 0.12 

*HWE=Hardy-Weinberg equilibrium  
 
GSH is an important scavenger of reactive oxygen species, while GSG:GSSH within cells 
serves as a marker of cellular toxicity. GSH is a vital intracellular and extracellular protective 
antioxidant involved in the control of signalling processes, detoxifying xenobiotics and heavy 
metals and neutralisation of free radicals (Zitka et al. 2012). We therefore also determined the 
effect of GSTT1 and GSTM1 null genotype on wine compared to brandy consumption in relation 
to glutathione redox status in 37 healthy volunteers (19 males, 18 females; aged 26-71) 
previously recruited for participation in a randomized cross-over alcohol intervention study. The 
reduced to oxidized glutathione ratio (GSH:GSSG) was measured according to standard 
laboratory protocols.  Wine consumption (p=0.019) was associated with a lesser increase in 
GSSG from baseline compared to brandy (p=0.004). A significant decrease in GSH from 
baseline was however only demonstrated for the brandy (p<0.001) (Figure 1) and not wine 
intervention group (p=0.510). In contrast to a significant interaction between the iron-related 
HFE genotype and alcohol consumption on the GSH:GSSG ratio found for both intervention 
groups (p=0.034), the GSTT1/GSTM1 null genotype had no influence on this ratio.  
 
When the effect of HFE genotype on wine compared to brandy consumption in relation to 
glutathione redox status was evaluated in healthy volunteers, the levels of GSH decreased 
significantly after brandy intervention when compared to the baseline levels (p<0.001) (Figure 
1). 
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Figure 1. Effect of brandy and wine interventions on reduced glutathione levels in the blood 
compared to baseline levels. 
 
 
A significant interaction between HFE genotype and alcohol consumption on the GSH:GSSG 
ratio was found for both intervention groups, with a significant reduction in the ratio found to be 
restricted to HFE C282Y and/or H63D mutation carriers (p=0.034) (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. HFE genotype effect on the GSH:GSSG ratio. 
 
 
Although both alcohol interventions were associated with a reduced redox status, wine 
consumption did not alter levels of GSH, which plays an important role in protecting against free 
radical damage as well as the regeneration of other antioxidant compounds including bioactive 
vitamin C and E. This effect could be due to the presence of phenolic compounds in red wine 
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that protect against oxidative stress, although other mechanisms may also play a role. Our 
findings support the clinical importance of HFE genotyping performed in conjunction with the 
assessment of biomarkers for oxidative stress, such as glutathione redox status, in the 
development of personalized guidelines and cut-off limits for safer drinking habits. This finding 
may help to inform the development of healthcare policies aimed at promoting safer drinking 
habits at an individual level. Overall, in light of the significant beneficial effect of light-moderate 
alcohol drinking on CVD risk, people at high risk of CVD but low alcohol-related cancer risk may 
safely drink in a moderate and regular way. In contrast, people with increased alcohol-related 
cancer risk (such as young women with a familial history of breast cancer) should preferably 
abstain from alcohol. However, when the same women enter menopause, their CVD risk would 
greatly increase, while cancer risk would remain rather stable. A large CVD and total breast 
cancer mortality risk reduction by moderate alcohol consumption would become more prevalent 
than a relatively small increased risk of breast cancer.  
 
 

d)  CONCLUSIONS  
Ongoing evaluation of the role alcohol intake plays as a mediator of the relationship between 
clinical risk factors, biochemical indicators and functional genomic markers on chronic disease 
risk is an important consideration. 
 
We have demonstrated the relationship between the HFE genotype and glutathione redox 
status in relation to alcohol intervention, while a similar effect was not observed for the GSTT1 
and GSTM1 gene deletion variants in the same study cohort in this study. Calculating a multi-
gene risk score by counting the number of allelic variants found to interact with alcohol intake, 
could inform individual cut-off limits for safe drinking habits based on cumulative risk. Analytical 
validation of the multi-gene CVD assay used to simultaneously screen key disease pathways 
evaluated in relation to alcohol intake, provided a screening step for selection of individuals 
eligible for WES. Our findings may help to inform the development of healthcare policies aimed 
at promoting safer drinking habits at an individual level. 
 
Several presentations were given at national and international congresses to highlight the role 
of genetic risk factors for chronic diseases in relation to alcohol intake found to influence the 
APOE, MTHFR, and HFE gene effects. The results were incorporated into a comprehensive 
PSGT algorithm applied in the selection of genetically uncharacterised patients for extended 
mutation analysis using WES. This approach proved particularly useful for differential diagnosis 
of patients with inherited versus lifestyle-related dyslipidaemia and/or breast cancer, found to be 
associated with increased BMI. Interviews have been arranged for individual feedback of 
genetic findings to patients, in order to support clinicians with little knowledge of genetics in the 
interpretation of lifestyle factors such as alcohol consumption in relation to genetic findings.  
 
 

6. ACCUMULATED OUTPUTS  
List ALL the outputs from the start of the project.  The year of each output must also be indicated. 
 

Our results support the concept that multi-gene testing, when performed as part of a com-
prehensive clinical risk assessment strategy that takes alcohol consumption and other 
modulators of phenotypic expression into account, may facilitate the timely implementation of 
tailored lifestyle-centered treatment strategies, while prioritising the use of pharmacotherapy 
where clinically indicated.  
 
a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 
Indicate the commercial potential of this project, e.g. Intellectual property rights or commercial product(s). 

 
Pathology-supported genetic test transferred from previous reverse-hybridization platform and 
gel-based methodology to use of real-time polymerase chain reaction (TaqMan) assays. The 
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standard operating procedures (SOPs) developed as part of this project enhanced the process 
for development of adaptable patient reports to be developed as part of a newly funded project 
(MRC, CANSA). 
 

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER 
Provide steps taken to ensure the transfer of the gained/new information/knowledge to ultimately benefit 
the South African fresh fruit industry. 

 
The book published by the programme leader can be used in clinician education workshops as 
the scientific data was translated into layman’s terms, with references to the origenal published 
research. It concentrates on positive lifestyle modifications in contrast to allopathic medicine 
 interventions to manage the chronic and degenerative diseases of ageing and lifestyle.  This 
supports the emerging discipline of integrative and medicine, which is part of the personalized 
medicine approach based on the interaction of the genetic  profile on environmental influences. 
 
 

c) HUMAN RESOURCES DEVELOPMENT/TRAINING 
Complete the following table, adding more lines if necessary. 
 

Student Name and 
Surname 

Student Nationality 
Degree (e.g. 
MSc Agric, 
MComm) 

Level of 
studies in 

final year of 
project 

Graduation 
date 

Total cost to 
industry 

throughout 
the project 

Honours students   

      

      

      

Masters Students   

HK Luckhoff South African   March 2016 R 200 000 

      

      

PhD students   

Nicole van der 
Merwe 

South African BSc Hons PhD March 2016 R 160 000 

      

      

Postdocs   

Nicole van der 
Merwe 

South African PhD Molecular 
Biology 

Post-doctoral  R 240 000 

      

      

Support Personnel (not a requirement for HORTGRO Science) 

LR Fisher South African Intern MSc March 2016 R 240 000 
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PERSONS PARTICIPATING IN THE PROJECT (Excluding students) 
 
 
 

Initials & 

Surname 

Highest 

Qualification 

Degree/ 

Diploma 

registered 

for 

Race 

(1) 

Gender 

(2) 

Institution & 

Department 
Position 

(3) 

Cost to 

Project 

R 

MJ Kotze PhD - W F Pathology PL 0 

HK Luckhoff MBChB MSc W M Pathology RA See above 

N van der Merwe BSc (Hons) 
PhD 
(upgraded 

from MSc) 

B F Pathology 
RA 

(intern) 
See above 

M Kidd PhD - W M Statistics Co R 500 

L Nutt Matric - W F Pathology TA R 50 000 

L Fisher MSc - W M Pathology 
RA 

(Intern) 
R 180 000 

        

        

        

        

        

        

        

 
 (1)Race B = African, Coloured or Indian 
 W = White 
    
(2)Gender F = Female 
 M = Male 
    
(3)Position Co = Co-worker ( other researcher at your institution) 
 Coll = Collaborator ( participating researcher that does not receive funding for this project from industry) 
 PF = Post-doctoral fellow 
 PL = Project leader 
 RA = Research assistant 
 TA = Technical assistant/ technician 

 
 
 

d) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIENTIFIC, SCIENTIFIC)  
Please list using the format illustrated in the example below. ATTACH PDF COPIES OF ANY PAPERS 
ALREADY PUBLISHED 

 
Articles published:  
 
POPULAR:  
Van Velden DP. Die Pasiënt as Vennoot. ISBN  978-1-4853-0698-6 Protea Boekhuis Pretoria, 
2018.   www.proteaboekhuis.com 
 
SEMI-ScIENTIFIC: 

http://www.proteaboekhuis.com/
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Lückhoff HK, van Rensburg SJ, Kotze MJ, van Velden DP. Genetiese toets evalueer die effek 
van cholesterol en alkohol-inname. Wynland, Julie 2016 uitgawe. 
 
SCIENTIFIC: 

 Luckhoff HK, Kidd M, van Rensburg SJ, van Velden DP, Kotze MJ. Apolipoprotein E 
genotyping and questionnaire-based assessment of lifestyle risk factors in dyslipidaemic 
patients with a family history of Alzheimer’s disease: test development for clinical 
application. Metab Brain Dis 2016; 31(1): 213-224. 

 

 MJ Kotze. Genomics in pathology: The hype, hope and reality of precision medicine. 
Inaugural lecture for full professorship at Stellenbosch University, 12 October 2017:  

 

 Van der Merwe N, Kotze MJ. Implementation of a pathology-supported genetic testing 
strategy to detect common risk factors shared between breast carcinoma and associated 
comorbidities. Proceedings of the Women in Science Without Borders Conference, 
March 2018, pp 75-76. 

 

 Herbert E, Engel-Hills P, Hattingh C, Fouche JP, Kidd M, Lochner C, Kotze MJ, van 
Rensburg SJ. Fractional anisotropy of white matter, disability and blood iron parameters 
in multiple sclerosis. Metab Brain Dis 2018, 33: 545-557. 

 
Van Velden DP, van der Merwe N, Kidd M, Marnewick JL, Kotze MJ. Assessment of oxidative 
stress biomarkers towards the development of guidelines for safer drinking habits in the general 
population. (In preparation to be submitted by deadline September 2018, for publication in 
International Winehealth Congress Proceedings). 
 
 
e) PRESENTATIONS/PAPERS DELIVERED  
Please list using the format illustrated in the example below. 

 
National congress and workshop/academic presentations  
2016: 
Fisher LR, Lückhoff HK, van Rensburg SJ, Kotze MJ, van Velden DP. Application of a 
prescreen algorithm facilitates improved testing and treatment strategies in dyslipidaemic 
patients. P5 Africa Congress, March 2016, Cape Town. 
 
Lückhoff HK, van Rensburg SJ, van Velden DP, Kotze MJ. A novel pre-screen algorithm for 
cardio-metabolic risk management using a genomics database resource. P5 Africa Congress, 
March 2016, Cape Town. 
 
Luckhoff HK, Kotze MJ, van Velden DP. Combining pathology and genetic tests towards the 
development of safer drinking habits in the South African population. 38th SASEV/Winetech 
Congress, August 2016, Cape Town. 
 
Kotze MJ. Role of genetic testing in disease prevention: Significance of HFE genotype 
on glutathione redox status. Nutrition congress, September 2016, Cape Town. 
 
Van Velden DP. Genetic and environmental influences on biochemical abnormalities of 
cardiovascular risk. Nutrition congress, 3-4 September 2016, Cape Town. 
 
Van der Merwe N, Peeters AV, Lückhoff HK, van der Merwe L, Pienaar FM, Bezuidenhout J, 
van Rensburg SJ, Kotze MJ. Exome sequencing resolves clinico-pathological heterogeneity in a 
family with luminal-type breast cancer underpinned by variation in the methylation pathway. P5 
Africa Congress, March 2016, Cape Town. 
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2017: 
Kotze MJ, van der Merwe, Moremi KE, van Heerden CJ and Peeters AV. Development of a 
whole exome sequencing service in South Africa. Pathred Congress, Johannesburg, 22-24 
June 2017. 
 
Moremi KE, Kotze MJ, Kidd M, van Toorn R, van Rensburg SJ. Whole exome sequencing and 
extended screening for the HLA-DRB1*15:01 allele in multiple sclerosis patients evaluated for 
variation in the iron metabolism pathway. Biological Psychiatry Congress, Somerset-West, 14 – 
17 September 2017. 

Van der Merwe N, Peeters AV, Pienaar FM, Bezuidenhout J, van Rensburg SJ, Kotze MJ. 
Application of a pathology-supported pharmacogenetic testing approach in selection of 
BRCA1/2 negative patients for whole exome sequencing.  Pathology Congress, August 2017, 
Durban. 
 
Van der Merwe N, Peeters AV, Heslop L, Kotze MJ. Clinical utility of whole exome sequencing 
in two unrelated South African breast cancer patients evaluated for familial risk and treatment 
failure. Breast Interest Group of South Africa Conference, 21 October 2017. 
 
2018: 
Moremi KE, van Rensburg SJ, Myburgh EM. Kotze MJ. Use of whole exome sequencing to 
identify shared disease pathways in multiple sclerosis and breast cancer. PathCape Congress, 
Stellenbosch, 16-20 August 2018. 
 
 
International Congress presentations: 
 
Kotze MJ. Invited Plenary lecture: Genomics in pathology: The promise and reality of 
personalised medicine. 12th Biennial Scientific Conference of the Kenya Association of Clinical 
Pathologists, 15-17 November 2017, Watamu, Malindi, Kenya. 
 
Kruger FC, Luckhoff HL, Kidd M, Kotze MJ. A non-invasive pre-screen diagnostic algorithm to 
differentiate between genetic hereditary hemochromatosis and the dysmetabolic iron overload 
syndrome.  Digestive Disease Week Congress, San Diego, California, USA, 21-24 May 2016. 
 
Moremi KE, van Rensburg SJ, Kotze MJ. Co-occurrence of multiple sclerosis and triple-negative 
breast cancer underpinned by genetic variation in the iron metabolism pathway. International 
Federation of Clinical Chemistry and Laboratory Medicine (IFCC) Worldlab Congress, Durban, 
22-25 October 2017. 

 
Van der Merwe N, Kotze MJ. Application of a pathology-supported pharmacogenetic test in 
selecting breast cancer patients for whole exome sequencing. BioVisionAlexandria Congress, 
12-14 April 2016, Alexandria, Egypt. 
 
Van Velden DP. Assessment of oxidative stress biomarkers towards the development of 
guidelines for safer drinking habits in the general population. Wine Health Congress, Logrone, 
Spain, 16-18 February 2017.  
 
 

7. BUDGET (PHI projects to complete separate Excel annexure) 
 

TOTAL COST SUMMARY OF THE PROJECT 
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YEAR 
 

CFPA DFTS Deciduous SATI Winetech THRIP OTHER* TOTAL 

2015 
 

    R150 000   R150 000 

2016 
 

    R330 000   R330 000 

2017 
 

    R330 000   R330 000 

2018 
 

    R180 000   R180 000 

 
*UK South African Researcher link Grant towards clinician education workshop (R180 000);  
SA Medical Research Council (R 200 000) and Cancer association of South Africa (R 170 000) 
towards PhD study of N van der Merwe. 
 
 
 
EVALUATION BY INDUSTRY 

 
This section is for office use only 
 

Project number 
 

  

Project name 
 

  

Name of Sub-Committee* 
 

 

Comments on project 

 

 

Committee’s recommendation (Review panel in the case of PHI) 

 

 Accepted. 
 
          
 

 Accepted provisionally if the sub-committee’s comments are also addressed.   
Resubmit this final report by___________________________________ 
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 Unacceptable.  Must resubmit final report.       
 
 
Chairperson__________________________________________      Date___________________  
 
 

*SUB-COMMITTEES 
 
Winetech 

Viticulture: Cultivation; Soil Science; Plant Biotechnology; Plant Protection; Plant Improvement;  
Oenology:  Vinification Technology; Bottling, Packaging and Distribution; Environmental Impact; Brandy and Distilling; 
Microbiology 
 
Deciduous Fruit 

Technical Advisory Committees:  Post-Harvest; Crop Production; Crop Protection; Technology Transfer 
Peer Work Groups: Post-Harvest; Horticulture; Soil Science; Breeding and Evaluation; Pathology; Entomology 
 
 

 


