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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 the study was to investigate the relationship between cardio-metabolic risk 
phenotypes, serum iron parameters and high-sensitivity C-reactive protein (hs-CRP) as 
inflammatory biomarker in relation to HFE genotype and alcohol intake in a South African 
patient cohort. It is anticipated that insights gathered as a result of such investigation will 
provide the basis for the development and subsequent validation of a pre-clinical screening tool 
used to direct the need for HFE genotyping in the context of hepatic iron accumulation, with the 
ultimate goal of limiting the need for extensive genetic testing as well as allowing liver biopsy to 
be performed in a more goal-directed manner. Our previous studies have shown that guidelines 
for safe drinking habits may in future be guided partly from the genetic background. 
 
Methods 
The study population included 500 South African patients referred for enrolment in a genomics-
based chronic disease risk management program. Ferritin, hs-CRP and transferrin saturation 
(TS) levels were evaluated in 273, 195 and 153 patients respectively. All study participants 
were typed for the HFE C282Y (1800562 G>A) and H63D (rs1799945 C>G) mutations using 
allele-specific TaqMan real-time polymerase chain reaction (RT-PCR) technology. A 
questionnaire was used to document clinical data and lifestyle factors, including alcohol 
consumption. Alcohol intake was differentiated into abstain, occasionally (1-2 units/week), 
moderate (1-13 units/week), high (14-21units/week) and very high (≥22 units/week). 
 
Key Results 
BMI was positively correlated with hs-CRP (p<0.001) as well as ferritin (p=0.032) and 
negatively correlated with TS levels (p<0.001) independent of HFE genotype. TS was further 
positively correlated with ferritin (p=0.029) and negatively correlated with hs-CRP levels 
(p=0.001). These associations were not affected by self-reported alcohol intake, despite the 
significant alcohol-HFE gene interaction previously shown on the lipid profile after a 6-week 
intervention study. See Appendix 1 for an example of a wellness screen report with 
recommendations for a patient with genetic risk factors affected by alcohol intake.   

Discussion/Conclusion 
The data generated in this study was incorporated into a pathology-supported genetic testing 
algorithm incorporation . The mechanisms and modifying factors influencing the development of 
iron-related diseases provide an excellent example of the genetic complexities inherent to 
pathogenic processes. The current approach to the diagnosis and treatment of HH involves the 
initial determination of the clinical and biochemical profile of the patient. When genetic testing is 
requested for a patient by the referring healthcare practitioner, HFE gene mutation testing for 
only C282Y, H63D and S65C is usually first performed. Based on the information provided in 
the test report an optimal treatment is then devised, implemented and the response is 
monitored according to the specific genetic and pathologic parameters provided by the testing 
phase. A genetic counsellor can also be involved to facilitate prevention of HH in close family 
members through early detection of a genetic predisposition that may become clinically relevant 
in a high-risk environment if preventive measures are not implemented. High alcohol 
consumption is considered an important environmental trigger of the deleterious genetic effects 
associated with the above-mentioned HFE gene variants, as well as APOE 3937 T> C (allele 
E4) and the MTHFR polymorphisms 677 C > T ( A222V) and 1298 A> C (E429A).  

 

 

Discussion should state the specific known examples of genetic mutations that should 
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4. PROBLEM IDENTIFICATION AND OBJECTIVES 
 State the problem being addressed and the ultimate aim of the project.   
 
As indicated by various scientific studies, moderate wine consumption, particularly red wine, 
may reduce cardiovascular mortality and the incidence of diabetes. There are however, still 
many questions to be answered, for example, is it the alcohol, or the various non-alcoholic 
components, or the synergistic reactions between them that is responsible for the health 
benefits? Both the alcoholic and polyphenolic components of wine are believed to contribute to 
these beneficial effects. As wine is a complex mixture, it is likely that a multitude of chemical 
constituents, as well as their metabolites, work synergistically to impact on human health. The 
mechanism of action has been attributed to antioxidant, lipid regulating and anti-inflammatory 
effects, as well as decreased platelet aggregation, improved endothelial function, and increased 
fibrinolysis.  
 
We have recently determined the impact of certain genetic risk factors on biochemical 
parameters for cardiovascular disease in relation to a 6-week wine and brandy consumption 
intervention study. The most significant finding related to the response in the lipid profile was 
the effect of alcohol consumption on HDL-cholesterol (good cholesterol) levels. Both the wine 
and brandy (p=0.00002) intervention resulted in a significant increase in HDL-cholesterol, 
known to have a cardiovascular protective effect. Notably, the HDL-cholesterol raising effect 
varied significantly according to Apo E genotype (allele E4 p=0.027, allele E2 p=0.51). HDL-
cholesterol levels increased with alcohol intake in both the presence and absence of the Apo E4 
allele.  Although HDL-cholesterol raising effect of alcohol was slightly modified by genetic 
variation in the MTHFR gene (p=0.048), the HDL-cholesterol raising effect was confirmed in 
both mutation-positive and –negative individuals with alcohol intake. An increase in total 
cholesterol and triglyceride levels was furthermore only seen in HFE mutation-positive 
individuals (p=0.02). Fasting glucose concentrations did not change with either the wine or 
brandy intervention, while a trend was observed for the mean adjusted insulin values to 
decrease after both interventions. The level of total glutathione as an indicator of redox status 
was significantly (P=0.038) decreased only after the brandy intervention when compared to the 
baseline. This oxidative stress was not seen with the wine intervention, and this finding is in 
accordance with the known protective effect of antioxidants in red wine on the oxidative effect of 
alcohol on the body. High serum iron status is also associated with oxidative stress and 
inflammation and was further investigated in this context in this study.  
 
A genetic predisposition for the most common form of hereditary haemochromatosis (HH) 
(autosomal recessive) caused by mutations in the HFE gene occurs in approximately 1 in every 
100 individuals of European ancestry (1/6 are carriers which is relevant to the above findings) in 
the South African population, while mutations in the ferroportin gene (autosomal dominant) is 
most commonly linked to elevated serum ferritin in Africans. Frequent misdiagnosis of HH 
results from the exceptionally diverse and often non-specific nature of the clinical signs and 
symptoms, ranging from fatigue and malaise to heart disease and cancer. Implementation of a 
genetic test for HH in South Africa (Milani and Kotze 1999; Kotze et al. 2009) greatly reduced 
the need for liver biopsies and immediately improved clinical benefit. Although HH is a complex 
disease caused by genetic variation in at least 6 different genes (Brissot et al. 2008), genetic 
testing at pathology laboratories routinely include only 2-3 mutations in a single gene. The need 
therefore exists to develop a more comprehensive assay for iron overload and iron deficiency 
disorders, as well as the assessment of modifier genes and altered regulation of iron transport 
associated with steatosis, insulin resistance and subclinical inflammation as observed in 
dysmetabolic iron overload syndrome where the genetic risk contribution remains undefined. 
 
Nutrition intervention may be more effective to lower cardiovascular risk when the genetic 
background is taken into consideration for identification of potential gene-environment 
interactions. Prior to the alcohol intervention study, study participants were informed of the fact 
that E4 allele of the Apo E gene included in the genetic analysis does not only increase the risk 
of coronary heart disease in the presence of environmental risk factors such as smoking and a 
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high-saturated fat diet, but also increase the risk of Alzheimer’s disease, with a specific gene-
alcohol effect documented in various studies. This had to be carefully considered before the 
results of the genetic testing could be provided by the attending clinician to study participants. 
Ultimately, safe limits of alcohol consumption will be based partly on the genetic profile or 
knowledge of the importance of the influence of alcohol intake on the expression of certain 
genes.  

Early risk detection through the identification of genetic markers correlating with known 
chemical pathological markers for cardiovascular disease now enables the development of 
individually tailored preventative programmes. To address the limitations of genetics alone to 
fully account for the phenotypic expression of complex diseases, an integrative approach is 
required to effectively explore the relationship between known genetic markers of chronic 
disease and the associated lifestyle factors driving pathophysiological disease processes and 
clinical outcome.  

 

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 

SU Registered Short Course for clinician 
education in pathology-supported genetic 
testing   

October 2014  October 
2014 & 2015 

Determination of the combined effect of 
genetic variation and alcohol intake on 
biochemical parameters of iron metabolism 
and inflammation.   

 

June 2015  June 2015 

Implementation of a gene-based wellness 
program whereby alcohol intake will be 
documented routinely 

November  
2016 

 November 
2016 

    

5. Journal publication(s) – final milestone  3  7 

 
 

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

 
This investigation will be based on the hypothesis that genetic variation in the genes selected 
for this study will modify the effect of alcohol intake and other environmental factors such as 
smoking, obesity and other features of Metabolic syndrome, on biochemical parameters of iron 
metabolism and inflammation. Study participants will be grouped according to clinical indicators, 
genotype, biochemical parameters and relevant lifestyle factors to assess the impact of 
individual and combined effects on biochemical parameters, age of disease onset/diagnosis and 
clinical outcome. Clinical health questionnaire-based assessments, biochemical determinations, 
and genetic analyses will be performed in three study groups:  
 

1) Approximately 100 patients with high ferritin levels caused by hereditary 
haemochromatosis as confirmed by HFE genotype  

2) Approximately 100 individuals with high ferritin levels caused by the insulin-resistance 
iron overload disorder as confirmed by the presence of features of Metabolic syndrome 
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3) A matched control group of approximately 200 individuals with known body mass index 
(BMI): healthy weight, overweight (BMI≥25) and obese individuals (BMI>30) 

 
Genetic analysis: DNA extraction will be performed using standard techniques for whole blood 
(using the commercially available Qiagen kit), saliva (Oragene kit) or cheek swabs. Mutation 
detection methods will include the use of direct DNA sequence analysis of polymerase chain 
reaction (PCR) amplified products and real-time PCR applying Taqman technology. Sequencing 
primers for the selected SNPs in the HFE and TNFa genes are already available for this study.  
 
Correlation studies and statistical analysis: For verification of variants identified population 
frequencies will be estimated from allele counts and deviation from Hardy-Weinberg equilibrium 
will be assessed using the chi-square statistics. For pair wise combinations of sites, odds ratios 
will be calculated for the risk associated with having variant alleles at more than one site 
compared with just one site. Odds ratios will be calculated with Haldane's correction when 
necessary. P values will be calculated using Fisher's two-tailed exact test. Mutation data will be 
correlated statistically with clinical features and biochemical parameters available for patient 
and control groups.  
 
 

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

 
Table 1 shows that ferritin was positively correlated with TS, BMI, diastolic blood pressure and 
glucose negatively correlated with HDL cholesterol. 
  
Table 1. Simple linear regression performed between iron parameters and cardio-metabolic risk 
phenotypes in study participants 
 

 Ferritin Transferrin saturation 

(TS) 

 Rho p-value Rho p-value 

Ferritin  - - 0.16 0.055 

Transferrin saturation (TS) 0.16 0.055 - - 

Body Mass Index 0.15 0.013 -0.28 <0.001 

Systolic BP 0.11 0.085 -0.18 0.069 

Diastolic BP 0.21 0.002 -0.14 0.140 

Glucose  0.16 0.031 -0.21 0.077 

HDL cholesterol  -0.22 0.003 -0.09 0.44 

Triglycerides  0.10 0.150 -0.25 0.022 

hs-CRP -0.13 0.108 -0.39 0.002 

 
 

TS was furthermore negatively correlated with BMI and hs-CRP and positively correlated with 
triglycerides. The positive correlation between BMI and hs-CRP (p<0.001) as well as ferritin 
levels (p=0.032), and the negative correlation with TS (p<0.001), was independent of HFE 
genotype (Figure 1). Ferritin was also positively correlated with TS (p=0.001) and TS negatively 
correlated with hs-CRP levels (p=0.002) independent of HFE genotype. 
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Figure 1. Scatterplot diagrams illustrating a significant positive correlation between BMI and hs-
CRP (above) as well as ferritin levels (middle) and negative correlation between BMI and TS 
(below). 
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d)  CONCLUSIONS  
 
This study highlights the role of hyperferritinemia, in addition to BMI routinely assessed as part 
of chronic disease screening programs, for early detection of cardio-metabolic risk. HFE 
genotyping performed as part of the clinical work-up may facilitate non-invasive differentiation 
between DIOS and HH as potential causes of hepatic iron overload. These associations were 
not affected by self-reported alcohol intake, despite the alcohol-HFE gene interaction previously 
shown on the lipid profile after a 6-week intervention study. 
 
High alcohol consumption is considered an important environmental trigger of the deleterious 
genetic effects associated with the above-mentioned HFE gene variants, as well as APOE 3937 
T> C (allele E4) and the MTHFR polymorphisms 677 C > T ( A222V) and 1298 A> C (E429A). 
The inclusion of these markers as part of a wellness screen (Appendix 1) positioned as part of a 
pre-screening algorithm for next generation sequencing may further facilitate the non-invasive 
differentiation between DIOS and HH as potential causes of iron overload.   

 
 

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

 
Kotze MJ, Marnewick JL, Kidd M, Fisher LR and van Velden DP. Assessment of the impact of 

hereditary factors on biochemical parameters of cardiovascular risk in relation to moderate 

alcohol consumption. Nutr Aging 2014; 2:189-195. 

 

van Velden DP and Kotze MJ. Integrative Medicine – Healthy Ageing. Nutr Aging 2014; 2:183-

187. 

 

Lückhoff HK, Van Rensburg SJ, Botha K, Kidd M, Kotze MJ. The Pro-Inflammatory TNFA -
308G>A (rs1800629) Polymorphism is associated with an earlier age at onset in patients with 
major depressive disorder. J Psychiatry 2014;17(3):1-6. 
 

Kotze MJ, Lückhoff HK, Peeters AV, Baatjes K, Schoeman M, van der Merwe L, Grant KA, 

Fisher LR, van der Merwe N, Pretorius J, van Velden DP, Myburgh EJ, Pienaar FM, van 

Rensburg SJ, Yako YY, September AV, Moremi KE, Cronje FJ, Tiffin N, Bouwens CSH, 

Bezuidenhout J, Apffelstaedt JP, Hough FS, Erasmus RT, Schneider JW. Genomic medicine 

and risk prediction across the disease spectrum. Crit Rev Clin Lab Sci 2015;19:1-15. 

 

Luckhoff HK, Brand T, van Velden DP, Kidd M, Fisher LR, van Rensburg SJ, Kotze MJ. Clinical 

relevance of apolipoprotein E genotyping based on a family history of Alzheimer’s disease. Curr 

Alzheimer Res 2015;12(3):210-217. 

 

van Velden DP. Skink nog n doppie daar – of dalk nie? Universiteit Stellenbosch Geneeskunde 
& Gesondheidwetenskappe Nuusbrief 2015 (revised by MJ Kotze) 

 

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 
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family history of Alzheimer’s disease: test development for clinical application. Metab Brain Dis 

2016; 31(1): 213-224. 

 
Kotze MJ. Application of advanced molecular technology in the diagnosis and application of 
genetic disorders in South Africa. S Afr Med J 2016; 106:S114-S118. 
 
Luckhoff HK, van Rensburg SJ, Kotze MJ, van Velden DP. Genetiese toets evalueer die effek 
van cholesterol en alkohol inname. Wynboer 2016. 

 
a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 
Indicate the commercial potential of this project, e.g. Intellectual property rights or commercial product(s). 

 
Training of students and capacity development 
Development of laboratory standard operating procedures (SOPs) 
Diagnostic assay to distinguish between patients with high ferritin levels who have 
haemochromatosis from those with the insulin resistance iron overload disorder characterised 
by chronic inflammation. 
 
 
Human resources development/training  
 

 Student level (BSc, MSc, PhD, Post doc) Cost to project (R) 

1.  K Masconi, PhD R 30 000 (THRIP) 

2.  L Moremi, MSc R 10 000 (Winetech) 

3.  HK Luckhoff  

4.  N van der Merwe  

 
 
 
 

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. 

 
 
 

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   

ME Moremi 
South African   March 

2014 
R 30 000 

      

      

PhD students   
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K Masconi 
South African   December 

2015 
R 60 000 

N van der Merwe 
South African   March 

2016 
R 80 000 

      

Postdocs   

      

      

      

Support Personnel (not a requirement for HORTGRO Science) 
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Industry allocated project 
number 

 
 

PHI allocated project 
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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 

Prof MJ Kotze PhD N/A W F Dept of Pathology, SU PL 0 

Dr DP van 
Velden 

MD N/A W M Dept of Pathology, SU PrL 
R 10 
000 

Prof M Kidd PhD N/A W M Statistics, SU TM R 5000 

LR Fisher MSc N/A W M Dept of Pathology, SU TM 
R 80 
000 

L Nut matric N/A W F Dept of Pathology, SU RA 
R 70 
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 

 

 
Kotze MJ, Marnewick JL, Kidd M, Fisher LR and van Velden DP. Assessment of the impact of 

hereditary factors on biochemical parameters of cardiovascular risk in relation to moderate 

alcohol consumption. Nutr Aging 2014; 2:189-195. 

 

van Velden DP and Kotze MJ. Integrative Medicine – Healthy Ageing. Nutr Aging 2014; 2:183-

187. 

 

Lückhoff HK, Van Rensburg SJ, Botha K, Kidd M, Kotze MJ. The Pro-Inflammatory TNFA -
308G>A (rs1800629) Polymorphism is associated with an earlier age at onset in patients with 
major depressive disorder. J Psychiatry 2014;17(3):1-6. 
 

Kotze MJ, Lückhoff HK, Peeters AV, Baatjes K, Schoeman M, van der Merwe L, Grant KA, 

Fisher LR, van der Merwe N, Pretorius J, van Velden DP, Myburgh EJ, Pienaar FM, van 

Rensburg SJ, Yako YY, September AV, Moremi KE, Cronje FJ, Tiffin N, Bouwens CSH, 
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Bezuidenhout J, Apffelstaedt JP, Hough FS, Erasmus RT, Schneider JW. Genomic medicine 

and risk prediction across the disease spectrum. Crit Rev Clin Lab Sci 2015;19:1-15. 

 

Luckhoff HK, Brand T, van Velden DP, Kidd M, Fisher LR, van Rensburg SJ, Kotze MJ. Clinical 

relevance of apolipoprotein E genotyping based on a family history of Alzheimer’s disease. Curr 

Alzheimer Res 2015;12(3):210-217. 

 

van Velden DP. Skink nog n doppie daar – of dalk nie? Universiteit Stellenbosch Geneeskunde 
& Gesondheidwetenskappe Nuusbrief 2015. (revised by MJ Kotze) 

 

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. 

 
Kotze MJ. Application of advanced molecular technology in the diagnosis and application of 
genetic disorders in South Africa. S Afr Med J 2016; 106:S114-S118. 
 
Luckhoff HK, van Rensburg SJ, Kotze MJ, van Velden DP. Genetiese toets evalueer die effek 
van cholesterol en alkohol inname. Wynboer 2016. 
 

 
 

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

TOTAL COST SUMMARY OF THE PROJECT 

 

YEAR 
 

CFPA DFTS Deciduous SATI Winetech THRIP OTHER TOTAL 

2014 
 

    
R 150 
000 

R 75 
000 

 
R 225 
000 

2015 
 

    
R 150 
000 

R 75 
000 

 
R 225 
000 

2016 
 

    
R 150 
000 

R 75 
000 

 
R 225 
000 
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 Accepted. 
 
          
 

 Accepted provisionally if the sub-committee’s comments are also addressed.   
Resubmit this final report by___________________________________ 

 
 
 

 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 
 
 
 

 
 
 
 

 

 


