
































































































































































































































http://www.genome.wi.mit.edu/cgi-bin/primer/primer3














































http://www.genome.wi.mit.edu/cgi-bin/primer/primer3
























CHAPTER 5 

 131 

CHAPTER 5 

Cloning of the Polymorphic SLC22A2 Promoter Region and Development of 

Promoter Expression Assay   

 

5.1. Abstract 

The characterisation of variation in gene expression is complicated by the potentially 

minute differences associated with alterations in single alleles, as well as by potential 

variation between individuals arising from environmental or physiological rather 

than genetic factors. Promoters are involved in transcription initiation and are thus 

among the multitude of cis-acting elements that, by regulating gene expression, 

might harbour functionally relevant polymorphisms. However, contrary to most 

regulatory elements, the promoter location is fixed relative to their respective genes. 

Therefore, promoters are ideal for largescale analysis and functional annotation. 

Moreover, the frequencies for SNPs in regulatory elements is largely understudied in 

African, Sub-Saharan, populations. The aim of the present study was firstly, cloning 

the polymorphic promoter regions representative of 2 of the haplotypes, and 

secondly to develop a gene expression assay for the polymorphic promoters 

observed. In this study, we have observed the relative effect of the abovementioned 

regulatory SNPs on gene expression using a GFP reporter vector. It was 

demonstrated that a minor difference existed between expression levels of the two 

representative haplotypes, when compared to the positive control. Nevertheless, it 

was confirmed that no significant difference existed in relative expression between 

the two haplotypes. Furthermore, the effect of different tissue types seems to have 

little effect on promoter regulation. Thus, it may be concluded that our data lends 

some empirical credibility to the notion that polymorphisms within promoter regions 
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may be a common source of phenotypic variation, and a likely source of 

susceptibility to common disease. The capacity to assess the relative mRNA 

production should be included in future work as it would deliver a more accurate 

depiction of the inherent regulatory elements in single haplotype promoter 

expression.   

 

5.2. Introduction 

Biomedical research has the vital goal of understanding the genetic basis of human 

variation. Differences in the level of expression of certain genes account for a major 

part of the variation within and among other species, as suggested by previous 

studies in other organisms (Johnson and Porter, 2000, Levine, 2002). The 

characterisation of variation in gene expression is complicated by the potentially 

minute differences associated with alterations in single alleles, as well as by potential 

variation between individuals arising from environmental or physiological rather 

than genetic factors (Yan et al., 2002).   

Attributed to the unpredictably low number of protein coding genes (Peltonen and 

McKusick, 2001), it has been suggested that a different spectrum of sequence 

variants may be responsible for the genetic susceptibility to complex diseases 

(Mackay, 2001, Toma et al., 2002) compared to missense and nonsense mutations 

(Hoogendoorn et al., 2003). Included in this spectrum are polymorphisms that alter 

gene expression. These variants are thought to play a significant role in the inter-

individual variation in gene expression, attributed to cis-acting genetic mechanisms 

(Hoogendoorn et al., 2003). Since functional polymorphisms in regulatory regions in 

the human genome cannot yet be reliably distinguished from those with no 
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consequential effect by their sequence context, it is imperative that the effect these 

variants may confer be characterised (Hoogendoorn et al., 2003).  

Promoters are involved in transcription initiation and are thus among the multitude 

of cis-acting elements that, by regulating gene expression, might harbour 

functionally relevant polymorphisms (Hoogendoorn et al., 2003).  

However, contrary to most regulatory elements, the promoter location is fixed 

relative to their respective genes. Therefore, promoters are ideal for largescale 

analysis and functional annotation (Hoogendoorn et al., 2003). Moreover, the 

frequencies for SNPs in regulatory elements is largely understudied in African, Sub-

Saharan, populations. In a previous study by (Jacobs et al., 2015) this issue was 

addressed, where the main goal was to provide an estimate of the frequency with 

which functional sequence variation occurs in not only the proximal promoter, but 

also the coding regions of the SLC22A2 gene. The results revealed a rare novel SNP 

(0.52%) (rs572296424) observed in the promoter region in the Xhosa population at 

position -156 (Figure 5.2.1), relative to the start of the first exon. Furthermore, basal 

promoter activity is an important determinant of SLCA22A2 expression in vivo, and 

may influence the transport function of hOCT2, which in turn may affect the uptake, 

disposition, and elimination of its substrates. A deletion analysis of the hOCT2 

proximal promoter region by Asaka et al. (2007) suggested that the region spanning 

-91 to -58 base pairs (bp) was essential for basal transcriptional activity of the 

SLC22A2 gene (Asaka et al., 2007). This region lacks a canonical TATA-box, but 

does contain a CCAAT box and an E-box. The electrophoretic mobility assays 

revealed that the SLC22A2 E-box binds upstream stimulating factor 1 (USF1) which 

functions as a basal transcriptional regulator of the gene. Jacobs et al (2015) also 

observed a common SNP (1.6%) (rs150063153) at position -95 relative to the start of 
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the first exon. Given the proximity of this SNP to the above-mentioned regulatory 

region, DNA polymerases, USFs and enhancer element may suffer altered binding 

efficiencies. For these reasons, the rare novel variant (rs572296424) at position -156 

(-156 Haplotype) and more common known SNP variant (rs150063153) at position -

95 (-95 Haplotype) will serve as the areas of interest for the purpose of this study. 

 

Figure 5.2.1. Electropherograms of novel SNPs observed in the proximal promoter 

region of the SLC22A2 gene. MBPG_OCT2001 (wildtype -156 G/G and variant -156 

G/A) a novel SNP detected in the proximal promoter region by (Jacobs et al, 2015).  

 

The SLC22A2 gene, located on chromosome 6q26, encodes the hOCT2 solute carrier 

transporter (Gorboulev et al., 1997b, Koepsell et al., 2007a, Koehler et al., 1997b). 

Clinical studies, in vivo animal experiments, and meta-analyses have demonstrated 

that variations in the level of expression of SLC22A2 may be accountable for the 

observed inter-individual variation in pharmacokinetics (Jacobs et al., 2015). 

Furthermore, genetic polymorphisms in SLC22A2 have been implicated in the 

altered function of hOCT2, leading to a divergence in the disposition and response to 

substrate drugs, such as metformin (Jacobs et al., 2015). Thus the aim of the present 
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study was firstly, cloning the polymorphic promoter regions representative of two of 

the haplotypes generated by (Jacobs et al., 2015), and secondly to develop a gene 

expression assay for the polymorphic promoters observed by (Jacobs et al., 2015).  

5.3. Materials and Methods 

5.3.1. Promoter selection and variant identification 

The hOCT2 promoters used, representative of the haplotype associated with the 

novel SNPs, were identified by (Jacobs et al., 2015).  

5.3.2. Primer Design 

Primers, Table 5.5.1, were designed using Primer3 software 

(www.genome.wi.mit.edu/cgibin/primer/primer3) and obtained from Integrated 

DNA Technologies (San Diego, California, USA).  

5.3.3. Cloning Reaction 

DNA from the samples used by (Jacobs et al., 2015) was amplified using TopTaq 

(Qiagen, Courtaboeuf, France) according to manufacturer‘s protocols. TopTaq 

contains a high-fidelity DNA polymerase to minimize mis-incorporation of 

nucleotides. The PCR reactions were performed in a 50 µl volume, containing 20 – 

50 ng of genomic DNA, 1 x Qiagen multiplex TopTaq master mix and 0.2 µM of 

each forward and reverse primer. The PCR conditions included an initial 

denaturation at 95°C for 15 minutes, followed by 35 cycles of denaturation at 95°C 

for 1 minute, annealing for 1 minute, and extension at 72°C for 1minute, and then a 

final extension at 72°C for 10 minutes. The sequences and details of all the primers 

used in this study are listed in Table 4.4.1. PCR products were modified to have T/A 

overhangs and were ligated into a pGLOW vector (Invitrogen, California, USA), 
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which contains a green fluorescent protein gene (GFP), and cloned into Top10 super-

competent cells by T/A cloning as outlined by the manufacturer (Invitrogen, 

California, USA). Plasmid DNA was purified using standard protocols and 

sequenced using Big Dye terminator v3.1 (ThermoFisher Scientific, California, 

USA) in both directions to confirm the haplotype present.   

5.3.4. Cell Culture  

The ability of each sequence to promote transcription of the GFP gene was tested 

transiently in human cell lines HEK293 (Human embryonic kidney cells) (Cellonex, 

Randburg, South Africa) and LnCAP (human prostate adenocarcinoma cells) 

(ATCC, Manassas, USA). Cell lines were transfected using ScreenFect A (InCella, 

Eggenstein-Leopoldshafen, Germany) in a 6well format (two replicates per clone), 

and cultured according to standard protocol at 37°C and 5% CO2. GFP expression 

was confirmed by fluorescent microscopy.  

5.3.5. Flow Cytometry 

Quantification of GFP expression was carried out using the BD Accuri C6 flow 

cytometer. Cell suspensions of each cell line were passed through a 488 nm laser for 

excitation, and fluorescence emissions were collected at 530 nm (+/ 15 nm) for GFP. 

Plots were gated against side scatter to exclude cell debris. Samples were analysed 

using fluidics set to Slow (core size = 16µm, flow rate = 34µl/min), and at least 

50,000 events were collected per sample. 

Table 5.3.1 PCR primer sequences for cloning the promoter region in-frame. 

 Primer sequence (5’3’) 

Amplicon 

length 

(bp) 
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F Primer  GGGGTACCATCCTAAGGCTCACGGCCAAC 

1025 
R Primer  CGACGCGTTCACAGCCCAGTAATCTTCCC 

  

5.4. Results 

All cloned haplotypes were examined for their ability to drive transcription of the 

GFP reporter gene in two human cell lines, HEK293 and LNCaP, using a 6well 

culture format. For the measurement of fluorescence using flow cytometry, gating 

was determined by measuring untransfected cells. This allowed for the size and 

location, on a scatter plot, to be isolated and excluded from the measurement of 

representative haplotype fluorescence. Cell debris, untransfected cells and crystals in 

the tissue culture media, and fluorescence of the media itself, was observed to occur 

between the ranges of 10
1
 and 10

3
. Correspondingly, fluorescent emission was 

observed to occur in the ranges 10
3
 to 10

6
. This range, according to the 

manufacturers specifications, is the ideal area for GFP detection. Therefore, all 

samples were gated for this range. Furthermore, GFP expressing cell counts in the 

LNCaP cell line were noted to be lower than those in the HEK293 cell line. This is 

expected as SLC22A2 is primarily expressed by the kidneys. 
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Figure 5.4.1. Confirmation of GFP expression by fluorescent microscopy. A) 

HEK293 cells expressing GFP with cloned -95 haplotype. B) LNCaP cell expressing 

GFP with -95 haplotype. 

5.5. Discussion 

The principle of this study was to determine whether SNPs in the proximal promoter 

region of the SLC22A2 gene would have any adverse effect on expression. It is well 

documented that variations near or within consensus sequences, such as the TATA-

box or GC-box and other cis-elements, are responsible for variations in expression 

levels of their associated genes (Ogasawara et al., 2008).    

In this study we examined two distinct regulatory SNPs (rSNPs), a novel rare variant 

identified in the Xhosa population at -156bp and a known variant at -95bp. It is 

expected that the proximity of these rSNPs to regulatory sites (cis-elements) could 

alter the binding efficiency of transcription factors, polymerases and enhancers (Saji 

et al., 2008). Furthermore, clinical studies, in vivo animal experiments, and meta-

analyses have demonstrated that variations in the level of expression of SLC22A2 

may be accountable for the observed inter-individual variation in pharmacokinetics 

(Jacobs et al., 2015, Sakurai et al., 2004).  

 

 

Figure 5.5.1 – Relative fluorescence detected by flow cytometry. A) Untransfected 

HEK293 cells. B) HEK 293 cells transfected with the positive control, expressing 

GFP. Where M11 indicates cell debris and M13 indicates fluorescence. 
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In this study, we have observed the relative effect of the abovementioned rSNPs on 

gene expression using a GFP reporter vector. The results obtained within the present 

work are a double-edged.  

Initially, it was demonstrated that a minor difference existed between expression 

levels of the two representative haplotypes, when compared to the positive control 

(Figure 5.5.2). This may be due to fluctuations in the number of surviving cells 

which were able to express GFP. However, it was also confirmed that no significant 

difference existed in relative expression between the two haplotypes. Furthermore, a 

second method of fluorescent measurement, luminometric, was used to corroborate 

these findings (Table 5.5.1). The GloMax Multi detection System (Promega 

Corporation, Madison, USA), set to excitation at 525nm and emission detection at 

580-640nm, was used.  

Table 5.5.1 – Mean fluorescence measured in 23 replicates on green filter using a 

luminometer. 

Untransfected cells +ve control 
_
95 Haplotype 

_
156 Haplotype 

0 1 0,96 0,93 

0 1 0,94 0,94 

0 1 0,92 0,92 

0 1 0,95 0,93 

0 1 0,97 0,94 

0 1 1,50 1,35 

0 1 1,23 1,28 

0 1 1,03 1,11 

0 1 1,31 1,22 

0 1 0,77 0,78 

0 1 0,74 0,73 

0 1 0,72 0,72 

0 1 0,80 0,78 

0 1 0,97 0,92 

0 1 0,97 0,94 

0 1 0,93 0,93 
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0 1 0,95 0,90 

0 1 0,90 0,92 

0 1 0,92 0,93 

0 1 0,93 0,86 

0 1 0,96 0,86 

0 1 0,98 0,90 

0 1 0,89 0,94 

Standard error: -95 haplotype = 0.04, -156 haplotype = 0.03 

Once more the minor difference between the positive control and representative 

haplotypes was observed. In addition, the same lack of significant difference in 

fluorescence was observed between the two representative haplotypes. The average 

fluorescence detected between the single haplotypes existed between 0.95 – 0.97, 

after correcting for fluctuations is cell density, with a 95% CI of 0,8908 to 1,0429 for 

the   -95 haplotype and 0,8775 to 1,0134 for -156 haplotype. 

 

 Figure 5.5.2 – Fluorescent measurement of transfected HEK293 cells, where M11 

indicates cell debris and untransfected cells, and M13 is indicative of fluorescence. 

A) positive control expressing GFP. B) 95 Haplotype, transfected cells expressing 

GFP. C) 156 Haplotype, transfected cells expressing GFP.  

 

Furthermore, the effect of different tissue types seems to have little effect on 

promoter regulation (Figure 5.5.3). This may be due to qualitative differences in the 
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response of the cell lines to individual promoter haplotypes and demonstrates the 

importance of using multiple cell lines in these analyses (Hoogendoorn et al., 2003).  

 

 

Figure 5.5.3 - Fluorescent measurement of transfected LNCaP cells, where M11 

indicates cell debris and M13 is indicative of fluorescence. A) -95 Haplotype, 

transfected cells expressing GFP. B) -156 Haplotype, transfected cells expressing 

GFP. 

 

However, it must be noted that the results discussed above are measured at P>0.05. 

At P>0.01 the significance of the result increases theoretically, as the scale of 

measurement is smaller and can resolve minor differences more effectively. 

Nevertheless, since these variations have only been observed in understudied African 

populations thus far, the effect they may produce has yet to be determined. Thorough 

supplementary investigation will be required to elucidate the phenotypic effects. 

It should also be noted that a number of limitations exist within our study. Firstly, 

estimates of the occurrence of functional variations in regulatory regions are poor. 

Effects of polymorphisms in the proximal promoter region, studied herein, have not 

been measured under dynamic states, such as during development or in response to 

hormonal changes. Secondly, the relative amount of mRNA produced had not been 

determined. However, the magnitude of mRNA changes in vivo is largely unknown 
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as regulation of gene expression in living tissue, in their natural genomic 

frameworks, is likely to be more sophisticated than a reporter assay. 

Correspondingly, it is possible that changes in mRNA may not result in changes in 

protein abundance or activity as a result of translational and posttranslational 

regulatory process (Hoogendoorn et al., 2003). It may be suggested that the 

cumulative effects of a large number of rare, or novel, functional regulatory variants 

may result in common phenotypes. Moreover, single rSNP haplotypes are 

tremendously rare, and thus, the cumulative effect of observed SNPs should be 

extensively studied in order to make accurate predictions promoter activity, and 

ultimately drug response.  

5.6. Conclusions 

We may, therefore, conclude that our data lends some empirical credibility to the 

notion that polymorphisms within promoter regions may be a common source of 

phenotypic variation, and a likely source of susceptibility to common disease. It 

should also be noted that this is a descriptive study with the intention of developing 

and optimizing methods for future expression, and more importantly, drug transport 

assays. The capacity to assess the relative mRNA production should be included in 

future work as it would deliver a more accurate depiction of the inherent regulatory 

elements in single haplotype promoter expression.  
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 CHAPTER 6 

Summary and Future Perspectives 

It is well documented that genetic variations in drug metabolizing enzymes underlie 

the inter-individual differences in drug response. A great deal of inter-individual 

variability exists in drug disposition, therapeutic efficacy, and adverse drug 

reactions. Although numerous factors can contribute to this variation, it is estimated 

that genetic factors account for between 15-30% of inter-individual variations in 

drug disposition, efficacy and adverse responses, and for certain drugs this estimate 

can even be as high as 95%. However, polymorphisms in solute carrier transporters 

have been recognized as a contributing factor to inter-individual variation in drug 

response and being involved in the toxicity of drug treatment or predisposition to 

adverse drug reactions. These polymorphisms have attracted interest as SLCs are 

widely distributed in the epithelial membrane of the liver, kidney, and intestine and 

play an important role in the gastrointestinal absorption, biliary and renal uptake and 

excretion, and distribution to target sites of their substrate drugs. 

Membrane transporters of the SLC superfamily, particularly OCTs and OATs, play a 

critical role in maintaining organismal and cellular homeostasis. They perform this 

important function by being involved in the absorption of nutrients essential for 

cellular metabolism and the elimination of metabolic waste products and toxic 

xenobiotics. Approximately 40% of therapeutic drugs are organic cations or weak 

bases at physiological pH and are substrates of organic cation transporters and 

multidrug and toxin extrusion transporters. The transport of organic cations is 

mediated by OCTs in an electrogenic manner, independent of a sodium-gradient, and 

by MATEs through an oppositely directed proton gradient. Examples of clinically 
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important drugs transported by OCTs and MATEs include the antidiabetic drugs 

metformin and phenformin, the antineoplastic drugs cisplatin and oxaliplatin, the 

anti-HIV drugs lamivudine and zalcitabine, and the histamine receptor antagonist 

cimetidine. 

Moreover, the current data suggest that these transporters also play an important part 

in vivo drug disposition, therapeutic efficacy, and adverse drug reactions. Genetic 

polymorphisms in SLC22A1-3 and SLCO1B1 have been associated with reduced 

transport and efficacy of clinically important drugs such as, for example, the 

biguanide antidiabetic metformin and the HMG-CoA reductase inhibitor simvastatin. 

However, these studies with reduced-function variants have primarily focused on 

genetic polymorphisms that are prevalent within Caucasian and Asian populations. 

This is in spite of numerous studies which have shown that the genomic diversity 

found within African populations is greater than the genetic variation found within 

other populations. However, this genomic diversity, especially in the southern 

African context, is currently relatively understudied. Given the enormous health 

burden that sub-Saharan Africa, and for that matter South Africa, faces, this lack of 

local genetic information with robust allele frequency distribution currently serves as 

a significant hurdle to designing biomedical research, and may have important 

medical implications.  

Our investigation into the allele and genotype frequency distributions of previously 

reported nonsynonymous SNPs revealed that SLC22A1 reduced-function variants 

found in Caucasians (R61C, C88R, S189L, G401S, and M440I) and Asians (P283L 

and R287G) were not only absent in the Cape Admixed subjects genotyped in this 

study, but are also absent from other African populations that are included in the 
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Hap-Map and 1000 Genomes projects. Given that these variants have been 

implicated in reduced transport of the antidiabetic metformin, screening for them in 

the Cape Admixed and African populations still remains clinically relevant. 

The high frequency, reduced-function nonsynonymous variants which are common 

amongst populations such as P341L in SLC22A1 and A270S in SLC22A2 have 

different frequency distributions for African populations when compared to other 

populations. For example, the average reported MAF for P341L is higher for Asians 

(14.6%) and Africans (8.5%) compared to that observed for American Caucasians 

(<1.0%). Conversely, the average reported MAF for A270S is higher for Africans 

(15.9%) than that recorded for Asians (14.7%), European-Caucasians (5.9%) and 

American-Caucasians (8.8%). 

Furthermore, ethnic-specific nonsynonymous genetic variants that have been 

observed at allele frequencies >1% within the Xhosa and other African populations, 

such as S14F, G220V, and V519F (SLC22A1) and R176H (SLC22A2) have to date 

not been reported for Asian or Caucasian populations or are very rare in these 

populations with MAF of <5%. Additionally, the in vitro and in vivo consequences 

of these variants have not yet been established. The effect in vivo of these Africa-

specific nonsynonymous variants on drug disposition, efficacy, and adverse reactions 

in African patients has not yet been determined, and requires further investigation. 

The M420del deletion variant of hOCT1 had been implicated in the reduced 

transport and efficacy of the antidiabetic drug metformin. In addition, this variant is 

also associated with increased failure rate of imatinib, an antineoplastic TKI, 

treatment in CML patients. Although the M420del variant was not observed in the 
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current study, screening for it in the Cape Admixed and indigenous African 

populations still remain a priority. 

Genotyping of the SLC22A3 gene, which encode hOCT3, revealed that none of the 

nonsynonymous SNPs assayed were present in the Cape Admixed subjects screened. 

However, these polymorphisms are rare variants that occur at very low frequency in 

a population and therefore the results are consistent with studies conducted in other 

populations. This lack of protein sequence and mutational variability was ascribed to 

selective pressures that act at the SLC22A3 loci and pointed at the important 

physiological roles the hOCT3 transporter perform in vivo. Furthermore, the SNPs 

typed in this study were previously identified in other populations and therefore we 

cannot rule out the presence of novel SNPs in the SLC22A3 gene of Cape Admixed 

individuals. 

Similar to common variants, the cumulative effects of a large number of rare 

functional variants can result in common phenotypes. As a result, it may be 

concluded that the data generated herein offers empirical credibility to the notion that 

polymorphisms within promoters may be a common source of phenotypic variation 

and possibly a source of susceptibility to common disease, particularly since our 

estimate of the frequency of functional variation is likely to be somewhat 

conservative. 

In the current study, we have examined the effect of a novel SNP in the SLC22A2 

gene of the Xhosa population in the 5′-untrnaslated region -156 bp from the initiation 

codon. Our data lends some empirical credibility to the notion that polymorphisms 

within promoter regions may be a common source of phenotypic variation, and a 

likely source of susceptibility to common disease. However, since this is a 
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descriptive study with the intention of developing and optimizing methods for future 

expression, and more importantly, drug transport assays, the capacity to assess the 

relative mRNA production should be included in future work. This would deliver a 

more accurate depiction of the inherent regulatory elements in single haplotype 

promoter expression.   

The sample size of this study compared well to that of the Hap-Map and 1000 

Genomes Projects, which have more than demonstrated their value as reference 

panels for specific populations, but a larger sample size and complete individual 

gene/genome sequences would give a more accurate account of the full spectrum of 

genetic diversity within the Cape Admixed population. However, sequencing whole 

genomes/exomes remains an expensive exercise. 

To our knowledge, this is the first study that investigated the allele and genotype 

frequency distributions of SNPs in the SLC genes of the Cape Admixed population. 

This study also reports the observed haplotypes in the investigated population. It has 

also been shown that reduced-function nonsynonymous SNPs in the SLC genes 

found in Caucasian and Asian populations are absent from the Cape Admixed 

population. We have shown that, although MAF observed for the Cape Admixed 

population is largely similar to other African populations, differences exist that may 

translate into differences in organic cationic drug transport between these ethnic 

groups. These variations may translate into differences in the transport and efficacy 

of organic cationic drugs commonly used for the treatment of diseases prevalent in 

Africa. However, it should be noted that this was only a descriptive study and that no 

associations are made between any diseases or treatment outcomes. Although, it is 

well known that individual variation in drug response can be attributed to specific 
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genetic variants. Moreover, it is believed that the incorporation of haplotypes in 

pharmacogenomic studies will provide a more complete picture of loci that are 

relevant in the practice of ―genetic medicine‖ both at an individual or population 

level. This study contributes towards filling the gap that exists with regards to 

genetic information about important variations in organic cation transporter genes, 

such as SLC22A1-3, for the indigenous populations of South Africa given that 

organic cationic drugs are used in the treatment of diseases such as type-2 diabetes 

mellitus, various cancers, and HIV, these variants may impact profoundly on 

healthcare provided over the African continent. Therefore, given the aforementioned 

reasons studies such as this is valuable in the generation of useful pharmacogenomic 

information specific for Admixed populations. 

These systems have since been routinely used to genotype additional indigenous and 

admixed populations. The variants included deleterious SNPs which have been 

implicated in altered pharmacokinetics and pharmacodynamics of the widely-

prescribed antidiabetic drug metformin and as a predictor of treatment outcome for 

the antineoplastic imatinib. Firstly, these genotyping systems can now potentially be 

used to screen routinely for these reduced-function variants in responders and non-

responders to metformin therapy. Secondly, it can also be used to determine whether 

CML patients carry the M420del allele which is a predictor of imatinib treatment 

outcome. Thirdly, the genotyping systems for SLC22A1, SLC22A2 and SLCO1B1 

can potentially be used to determine whether certain individuals have a genetic 

predisposition for drug-drug interactions. Lastly, the genotyping systems developed 

for the screening of SLC22A3 SNPs can be used to screen patients with psychiatric 

disorders in order to determine whether they carry any of the variant alleles included 

in these systems.  
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Future studies require a more comprehensive sequencing of the SLC22A1-3 and 

SLCO1B1-3 genes and to expand this to more individuals or, where such sequencing 

information becomes available from other largescale sequencing projects, use it to 

determine correlation between genotypes and clinical phenotypes. Furthermore, the 

effect of the newly identified and the other African-specific promoter SNPs on the 

expression on SLC22A2 and on hOCT2 transport function needs to be further 

assessed in future work. However, it must be noted that these results were observed 

at 95% confidence interval, and that a 99% confidence interval the significance may 

increase theoretically. In addition, the cumulative effects of observed SNPs/rSNPs 

haplotypes on transport kinetics, protein turnover, and plasma membrane localization 

of the SLC‘s also requires further investigation in the Cape Admixed and other 

indigenous African populations, and should also be prioritized in future studies.  

Therefore, further translational work is also suggested to develop associations 

between the SLC superfamily and drug response in a clinical setting. Optimization of 

choice, dose, and method of treatment, need to be developed and prioritised in future 

studies, particularly in understudied sub-Saharan African populations.
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