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Summary 
 
Type 2 diabetes mellitus affects over 100 million individuals worldwide. Incidences of type 2 
diabetes and metabolic syndrome are increasing. Diabetes is caused both by reduced insulin 
production by pancreatic ! cells and insulin resistance of peripheral tissues. This causes blood 
sugar levels to become too high. Many serious complications and side effects may also 
follow. Certain genes confer susceptibility to type 2 diabetes. Two of the known risk factors 
are polymorphisms in the genes encoding activating protein 2! (AP-2!) and semicarbazide 
sensitive amine oxidase (SSAO). Increased levels of both AP-2! and SSAO have been found 
repeatedly in diabetes patients. SSAO is a protein abundant in fat cells (adipocytes) and is 
thought to colocalise with glucose transporter-4 inside vesicles. When the vesicles reach the 
cell membrane, SSAO acts to increase glucose uptake. AP-2! is a transcription factor. The 
gene encoding AP-2! is preferentially expressed in adipose tissue and polymorphisms have 
been found in people with a susceptibility allele for diabetes. It induces insulin resistance but 
it also enhances glucose uptake. One important component of the insulin signalling system, 
insulin receptor substrate-1, is inhibited by AP-2!. This is one way in which AP-2! causes 
insulin resistance, but conversely AP-2! stimulates another part of the insulin pathway, 
atypical protein kinase C, causing increased glucose uptake.  
 
The purpose of my experiment was to find out more about how SSAO and AP-2! affect each 
other in fat cells, by culturing the adipocyte cell line 3T3-L1 and performing quantitative real 
time polymerase chain reactions. I discovered that glucose transporter-4 and SSAO 
expression increased following preadipocyte differentiation, but further research is needed to 
determine the effects on AP-2! and the effects that changing the levels of these substances 
may have on other processes. Increased knowledge about these factors will lead to improved 
understanding of diabetes and the metabolic syndrome and may aid in the development of 
therapies for these growing problems 
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Introduction 
 
Diabetes 
Diabetes mellitus is a metabolic disorder caused by partial or absolute insulin deficiency 
(Craighead 1999). Type 2 diabetes mellitus is also known as noninsulin-dependent or adult-
onset diabetes, although there has been a dramatic increase in the number of children and 
adolescents affected in recent years (Ehtisham et al. 2000). It is a disorder with increasingly 
high incidence throughout the world (Zimmet et al. 2001). One hundred and fifty million 
people now suffer from type 2 diabetes (Zimmet et al. 2001). The disorder is strongly 
associated to a combination of symptoms known as the metabolic syndrome, which includes 
insulin resistance, increased adipose tissue mass, hyperglycaemia, dyslipidemia and 
hypertension (Zimmet et al. 2001, Sell et al. 2006).  
 
Obesity and Diabetes 
Type 2 diabetes is caused by insulin insensitivity in peripheral tissues, through mechanisms 
that are poorly understood (Craighead 1999). This distinguishes it from type 1 diabetes, which 
is characterised by a life-long autoimmune destruction of pancreatic ! cells (Craighead 1999). 
There is a high correlation between obesity and type 2 diabetes with around 80% of these 
diabetes cases due to weight gain and a body mass index (a statistical measure of weight 
relative to height) of >40 associated with an almost 100% risk of diabetes (Sell et al. 2006). 
This has led to the proposal that increased body fat leads to diabetes because the pancreatic ! 
cells that secrete insulin are unable to increase their secretion sufficiently to meet the body’s 
demands (Schwartz & Porte 2005).  
 
An alternative hypothesis proposes that impaired neural signalling leads to both weight gain 
and diabetes, without the two being necessarily dependent on each other. The resulting 
obesity is strongly associated with biochemical resistance to insulin and leptin (another 
hormone involved in appetite and metabolism), causing a positive feedback that increases 
diabetic symptoms (Schwartz & Porte 2005). The original impairment could be caused by a 
lack of insulin production by the pancreatic ! cells. 
 
Fat Tissue Characteristics 
There is, however, increasing evidence that fat tissues themselves are important endocrine 
organs. Increased adipose mass can cause physiological changes leading to insulin resistance. 
Endocrine function in adipoctyes of obese patients is altered, with an increase in the release of 
adipokines (adipose cytokines) and pro-inflammatory molecules such as tumour necrosis 
factor alpha (TNF-") and interleukin (IL)-6 (Sell et al. 2006). Abnormal fat quantities 
therefore cause changes in signalling to other tissues. 
 
It has also been shown that the different fat tissues may contribute differently to diabetes. 
Although diabetes is correlated with increased fat mass, an increase in subcutaneous fat alone 
does not increase the risk of diabetes, whereas there is a direct correlation between increased 
visceral fat and diabetes incidence (Hansen et al. 2006). This means that people with central 
obesity (apple shape) are much more at risk of type 2 diabetes than those with gluteoformal 
obesity (pear shape) (Hansen et al. 2006). 
 
This is because fat deposits have also been shown to have different characteristics depending 
on which part of the body they are in. For example, subcutaneous fat preadipocytes can 
accumulate more lipid and undergo less TNF-" induced apoptosis compared to visceral 
preadipocytes (Tchkonia et al. 2004).  Visceral fat produces far more inflammatory cytokines 
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and the hormone visfatin (Hansen et al. 2006), which has insulin mimetic properties and yet is 
also linked to diabetes (Fukuhara et al. 2005, Sethi et al. 2005). 
 
Growth Retardation and Diabetes 
To further complicate matters there is a link between type 2 diabetes and growth retardation at 
birth and the “thrifty phenotype” hypothesis proposes that gene expression changes in the 
foetus when there is low nutrient availability (Simmons 2005). Those with a low birth weight 
are more likely to develop cardiovascular disease and glucose intolerance at a later stage and 
people who are born small but then become overweight as children have the highest risk of 
developing type 2 diabetes (Simmons 2005). 
 
Genetic Link to Diabetes 
Although lifestyle is evidently a contributing factor to the development of type 2 diabetes, 
there is a strong genetic link, with sixty percent of patients having an affected parent or 
sibling (Craighead 1999). Type 2 diabetes prevalence is one third to one half of the population 
in the Pima Indians of Arizona and the natives of Nauru in the Gilbert Islands of the Pacific 
(Craighead 1999). The genetic link is multifactorial, however, making it hard to pinpoint 
susceptibility genes despite the high prevalence of the disease (Craighead 1999). 
 
Mutations have been identified that cause specific forms of diabetes, but polymorphisms that 
confer susceptibility to the majority of diabetes patients have not yet been found (Maeda et al. 
2005). It is important to find mutations conferring susceptibility, as this will improve 
understanding of the processes leading to diabetes and its complications. This can in turn lead 
to improved therapies.  
 
AP-2ß and SSAO 
The activating protein-2ß (AP-2ß) transcription factor gene has been shown to confer 
susceptibility to type 2 diabetes by association studies (Maeda et al. 2005). Mouse AP-2ß is 
mainly expressed in adipose tissue (Maeda et al. 2005) and overexpression of the gene 
encoding AP-2ß has also been found to cause insulin resistance and lipid accumulation in the 
immortalised adipocyte cell line 3T3-L1 (Tao et al. 2006). AP-2! inhibits insulin-stimulated 
tyrosine phosphorylation of the insulin receptor and hence inhibits important downstream 
targets of insulin, namely insulin receptor substrate 1 and Akt, (Tao et al. 2006). It is therefore 
thought that AP-2ß could contribute to diabetes through the dysregulation of adipocyte 
function (Tao et al. 2006).  AP-2ß is also thought to have a regulatory role in the adult brain 
and has been linked to personality disorders (Damberg 2005)  and various other disorders 
such as specific congenital heart disease and sleep disorder (Mani et al. 2005). 
 
Semicarbazide-sensitive amine oxidase (SSAO) is also highly expressed in adipose cells (Yu 
et al. 2003). Increased serum levels of SSAO have been found in diabetes, heart patients and 
some diabetic animals (Yu et al. 2003). Decreasing the level of SSAO has been shown to 
reduce obesity in obese diabetic mice (Yu et al. 2003). However, plasma SSAO is reduced in 
obese dogs, although SSAO activity is increased in some types of fat tissue in dogs (Wanecq 
2006).  
 
Although SSAO and AP-2ß have both been linked to diabetes, they both also display insulin-
mimetic properties, most notably the increase of glucose uptake into adipocytes (Carpéné et 
al. 2003, Tao et al. 2006). AP-2ß does this through stimulation of atypical protein kinase C#/$ 
(Tao et al. 2006). SSAO colocalises with the glucose transporter GLUT4 in rat adipocyte 
vesicles and recruits GLUT4 to the plasma membrane (Enrique-Tarancón et al. 1998). It 
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seems that in the absence of an insulin response other systems become important in enabling 
the active transport of glucose into adipocytes and yet these same systems are causing the 
diabetic symptoms.  
                                                                                                                                                                               
The above mechanisms increase glucose uptake by fat cells, but they do not improve uptake 
in skeletal muscle and therefore do not solve the problem of insulin resistance. Also, insulin 
has many functions besides increasing glucose uptake and the majority of these functions are 
not compensated for by SSAO and AP-2ß; for example gene transcription. Another problem 
is that, with obesity, the fat tissues become unable to uptake any more lipids and this leads to 
fat being stored in other organs, such as the liver and heart (Hansen et al. 2006). This ectopic 
fat storage hinders the function of these organs and can lead to serious complications (Hansen 
et al. 2006). It has also been linked to insulin resistance, with studies showing that 
inactivation of fatty acid uptake in the heart and skeletal muscle prevents fat-induced insulin 
resistance (Hansen et al. 2006). 
 
Real-time PCR 
The real-time polymerase chain reaction (qRT-PCR) can be used to measure the expression 
levels of different genes. PCR allows the exponential amplification of DNA by using an 
enzyme to repeatedly replicate the DNA. The product of a PCR can then be run on a gel to 
determine the size of the gene product. qRT-PCR also allows precise quantification using a 
fluorescent dye to measure the amount of product in real time. The dye is added to each PCR 
well prior to the reaction and emits light as double stranded DNA is produced. The amount of 
light that is emitted depends on the starting quantity of DNA and also on the efficiency of the 
reaction. The fluorescence emissions for each sample are plotted by computer and a threshold 
for detection of fluorescence above background level is established. The cycle at which a 
sample crosses the threshold is known as the threshold cycle, Ct. After this threshold is 
reached the quantity of DNA doubles for every cycle, giving an exponential increase in 
fluorescence and so relative amounts of DNA can be calculated by comparing the point at 
which different samples reach threshold. For example, a sample that reaches threshold 5 
cycles before another has 25 times more template DNA.  
 
It is necessary to run PCR for each gene with at least three different cDNA template 
concentrations, each ten times more dilute than the last, in order to generate a standard line. 
The standard line shows a slope with a gradient of -3.3 only if the Ct values for each template 
concentration come 3.3 cycles after the last concentration. If this occurs it proves the 
experiment ran at 100% efficiency, since under exponential doubling a ten times dilution 
should pass threshold 3.3 cycles later than the previous concentration. 
 
In addition to the gene of interest, a qRT-PCR can run internal standards in the same reaction 
in order to give relative quantification. An internal standard is a gene that should have 
constant expression, regardless of any cellular changes that may occur. The internal standard 
can therefore correct for any variations in experimental conditions between experiments. 
Using more than one internal standard can give more specific calibration. The value for gene 
expression is calculated by subtracting the Ct of the standard from the Ct of the gene. This 
value is called %Ct. To determine the increase or decrease in expression of a gene between 
experiments, the %Ct of the control PCR is subtracted from the %Ct of the experimental PCR. 
The resulting value is %%Ct. 
 
A melt curve can also be used to determine the melting point of the product at the end of the 
amplification reactions. The melting temperature of a DNA double helix depends on its base 
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composition. All PCR products from a particular primer pair should have the same melting 
temperature unless there are contamination or primer-dimer artefacts etc. 
 
My Experiments 
This study aimed to further the understanding of the interactions between SSAO and AP-2! 
during different stages of cell development. For example, it is interesting to know if the levels 
of SSAO and AP-2ß expression increase and decrease in parallel or antagonistically following 
cellular changes.  
 
Using qRT-PCR, the levels of SSAO and GLUT4 were both found to increase dramatically 
following cell differentiation.  

6 
 



Results 
 
Can a cell line be used to mimic fat cell function? 
 
In order to investigate the interactions between SSAO and AP-2! in fat cells it was first 
necessary to culture a cell line that showed the characteristics of fat cells. The cell line chosen 
was an immortalised cell line called 3T3-L1, which is derived from mouse embryonic tissue. 
The cells obtained were preadipocytes, meaning that they have the potential to become adult 
fat cells, but must first differentiate. The cells were defrosted and then cultured on cell plates. 
Cell medium with glucose was added to each plate to feed the cells. The medium also 
contained bovine serum to ensure that the cells received the necessary hormones and 
enzymes. Different protocols in the literature used different serum types in the medium, but I 
found that the cells grew better in foetal bovine serum than in bovine calf serum. 
 
Two days after the cells on a plate became confluent (started to touch each other) I initiated 
differentiation by feeding the cells with a new medium of a different composition. The 
differentiation medium contained insulin, dexamethasone and isobutylmethylxanthine. Insulin 
is necessary to initiate glucose uptake, whilst the latter two compounds activate the PPAR& 
system, which is necessary for differentiation. 
 
How do these cells look? 
 
3T3-L1 preadipocytes had a morphology resembling flat fibroblasts. Following differentiation 
they changed morphology significantly. The cells became rounder and lost their processes. 
Following the initiation of differentiation some cell plates were stained with Oil Red O. This 
stain is taken up by fat and hence enabled the visualisation of fat in the cells. In each plate a 
large number of cells contained many red fat bubbles and these increased in number over 
time. Those cells that changed morphology and contained fat bubbles could be said to have 
differentiated correctly and these batches were used for RNA extraction.  
 
Do 3T3-L1 cells express SSAO and AP-2!? 
 
PCR was needed in order to discover if my cells expressed the factors I was investigating. The 
first step was to design primers for each gene of interest. Primer pairs were designed for each 
gene using a computer programme to ensure that the optimum stretch of DNA was used. For 
some genes multiple primer pairs were designed, to increase the likelihood of getting good 
results. The resulting sequences for each of the primers designed can be seen in table 5 in 
Material and Methods. In addition to SSAO and AP-2!, primers were designed for the genes 
encoding GLUT4, the insulin-mimicking substance visfatin, the inflammatory cytokines TNF-
" and IL6, and the internal standards 28s and B2m. 
 
In order to test the efficiency of the primers it was necessary to extract RNA from the cells to 
use as a template in the PCR reactions. Total RNA was extracted by centrifuging the cells to 
pellets and then isolating the RNA from the cells in a membrane that fixes RNA. The RNA 
was measured by spectrophotometry. Cells taken at different stages of development contained 
different amounts of RNA (see table 1), so each sample was diluted in water to give 
approximately 100 ng/'l.  
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Table 1: Total RNA Quantities 
Source of RNA Quantity (ng/'l) 
3T3-L1 preadipocytes  802  
3T3-L1 adipocytes 4 days after differentiation  425  
3T3-L1 adipocytes 12 days after differentiation  1469  

All of these RNA quantities were diluted to give ~100ng/ul. 
 
The mRNA contained in the total RNA was converted to cDNA in order to use as a PCR 
template. This reaction was carried out by an enzyme and used hexamers and other proteins to 
build the cDNA strands. 
 
PCRs using preadipocyte cDNA were run for each of the primer pairs to check that product 
was produced and was of the correct size. Each primer pair was run under a number of 
conditions in order to optimise the protocol for each pair. The gel results from the initial 
primer optimisation PCRs, using preadipocyte DNA and run at 35 cycles, are shown in 
figures 1, 2 and 3. The size of the product was checked against a 100 base pair ladder, which 
is a DNA ladder containing DNA fragments of defined length. The product size was then 
checked against the values in table 5 in Material and Methods to ensure that amplification was 
accurate. Figure 1 shows that the standards B2m and 28s were both expressed in 3T3-L1 
preadipocytes, with optimum PCR conditions of 60°C and 3.5 'l MgCl2. 
 

1 2 3 4 5 6 7 8 9 10 11 12

 
Figure 1: Optimisation of standards. The PCR products at the top half of the gel were run at 58°C for 35 cycles 
and the products at the bottom were run at 60°C for 35 cycles. 
Wells 1 and 2 show B2m with 3 'l MgCl2 
Wells 3 and 4 show 28s with 3 'l MgCl2 
Wells 5 and 6 show B2m with 3.5 'l MgCl2 
Wells 7 and 8 show 28s with 3.5 'l MgCl2 
Well 9 shows the 100bp ladder, with the bottom band showing 100 bp and each above 100 bp larger. 
Wells 10 and 11 show B2m with 4 'l MgCl2 
Wells 12 and 13 show 28s with 4 'l MgCl2 
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Figure 2 shows that AP-2! and visfatin seem to be expressed, whilst TNF-" has little or no 
expression. Optimum conditions for AP-2!_2 were with 3 'l MgCl2, whilst all other primers 
worked best at 3.5 'l. 
 

1 2 3 4 5 6 7 8 9 10 11

 
Figure 2: Primary optimisation of different primer pairs at 60°C. The products run on the top half of the gel were 
with 3 'l MgCl2 and those at the bottom had 3.5 'l. 
Wells 1 and 2 were loaded with AP-2!_1 product 
Wells 3 and 4 were loaded with AP-2!_2 product 
Wells 5 and 6 were loaded with TNF-"_1 product 
Well 7 was loaded with 100bp ladder 
Wells 8 and 9 were loaded with TNF-"_2 product 
Wells 10 and 11 were loaded with visfatin product 
 
Figure 3 shows that GLUT4 is not expressed in preadipocytes and IL6 is poorly expressed. 
The faint results seen for IL6_2 are actually artefact, since the bands do not match the product 
size for this primer pair, which should be 96 base pairs. 
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Figure 3: Optimisation of primers for GLUT4 and IL6. This PCR was run at 60° and each well had 3.5µl MgCl2.  
Wells 1 and 2 are loaded with GLUT4_1 PCR product. 
Wells 3 and 4 are loaded with GLUT4_2 PCR product. 
Wells 5 and 6 are loaded with IL6_1 PCR product. 
Well 7 is loaded with 100 bp ladder. 
Wells 8 and 9 are loaded with IL6_2 PCR product. 
 
Figure 4 shows a PCR run for 45 cycles. With the greater number of cycles it is easy to see 
multiple products of the wrong size due to unspecific binding or contamination. These were 
not amplified after only 35 cycles. It is clear from figure 4 that SSAO has high expression in 
3T3-L1 cells, whilst AP-2! and visfatin have lower expression. 

10 
 



1 2 3 4 5 6 7 8 9 10 1112 13 141516 17 18 19

 
Figure 4: Further optimisation of primers, run for 45 cycles. 
Wells 1 from top and bottom, well 18 from the top half and well 17 from the bottom half were all loaded with 
100bp ladder. 
Top wells 2-4 were loaded with SSAO PCR product with 3 'l MgCL2. 
Top wells 5-7 were loaded with SSAO PCR product with 3.5 'l MgCL2. 
Top wells 8 and 9 were loaded with SSAO PCR product with 4 'l MgCL2. 
Top wells 10-12 were loaded with AP-2! PCR product with 3 'l MgCL2. 
Top wells 13-15 were loaded with AP-2! PCR product with 3.5 'l MgCL2. 
Top wells 16 and 17 were loaded with AP-2! PCR product with 4 'l MgCL2. 
Bottom wells 2-4 were loaded with visfatin PCR product with 3 'l MgCL2. 
Bottom wells 5 and 6 were loaded with visfatin PCR product with 3.5 'l MgCL2. 
Bottom wells 7 and 8 were loaded with visfatin PCR product with 4 'l MgCL2. 
Bottom wells 9-11 were loaded with 28s PCR product with 3 'l MgCL2. 
Bottom wells 12-14 were loaded with 28s PCR product with 3.5 'l MgCL2. 
Bottom wells 15 and 16 were loaded with 28s PCR product with 4 'l MgCL2. 
 
After a real-time PCR, the product was also sometimes run on a gel to check specificity and 
hopefully clarify the reasons behind a poor melt curve or poor product. Figures 5 and 6 show 
the products of real time PCRs run for 50 cycles. In figure 5, the level of AP-2! is not seen to 
go down at increasing dilutions, showing low efficiency. 
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Figure 5: Comparison of preadipocyte (top half) and 12 days post-differentiation (bottom half) cDNA for AP-
2!_A, using B2m as a control. 
Top wells 1 and 2 show AP-2! product with undiluted cDNA template. 
Top wells 3 and 4 show AP-2! product with 10 x diluted cDNA template. 
Top wells 5 and 6 show AP-2! product with 100 x diluted cDNA template. 
Top well and bottom well 7 show 100 bp ladder. 
Top wells 8-10 show B2m product. 
Bottom wells 1 and 2 show AP-2! product with undiluted cDNA template. 
Bottom wells 3 and 4 show AP-2! product with 10 x diluted cDNA template. 
Bottom wells 5 and 6 show AP-2! product with 100 x diluted cDNA template. 
Bottom wells 8-12 show negative controls with AP-2! primer and water in place of template. 
 

1 2 3 4 5 6 7 8 9 1011121314151617181920

 
Figure 6: GLUT4 primers A, B and C temperature gradient. All products were from qRT-PCR and run for 50 
cycles with a temperature gradient of 3 different temperatures. The wells were loaded in groups of four, with the 
first well in group containing 2.5 'l MgCl2, the second containing 2.9 'l MgCl2, the third containing 3.3 'l 
MgCl2 and the fourth containing 3.7 'l MgCl2. The first four wells of each temperature group had GLUT4_a 
product, the next four had GLUT4_b product and the last 4 had GLUT4_c product. 
Top wells 1-12 were run with an annealing temperature of 62°C. 
Top wells 14-20 and bottom wells 1-5 were run with an annealing temperature of 60.7°C 
Bottom wells 7-18 were run with an annealing temperature of 57.6°C. 
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Do SSAO, AP-2! and GLUT4 expression increase following differentiation? 
In order to quantify the levels of SSAO and AP-2! expression it was necessary to use real-
time PCR. The results of qRT-PCR using template cDNA from mRNA isolated at different 
time points were compared. qRT-PCR results using cDNA from preadipocytes were 
compared to those using cDNA from differentiated adipocytes. The results for the different 
genes are shown below. 
 
GLUT4 levels in preadipocytes compared to differentiated cells: 
I ran a real time PCR plate to analyse the levels of GLUT4 expression in different adipocyte 
populations. Each primer pair at each DNA concentration was run in quadruplicate – that is to 
say, four wells were loaded with identical reagents. The internal standards 28s and b2m were 
used for relative quantitation.  
 
! GLUT4 expression in preadipocyte RNA 
 
Each quantitative PCR was run with three different dilution factors, meaning each primer pair 
was run with undiluted cDNA template, 10 x diluted cDNA template and 100 x diluted cDNA 
template.  Figures 7 and 8 show the results from this qPCR. In a PCR with perfect efficiency, 
each 10 x dilution crosses the threshold 3.3 cycles after the last, due to the exponential 
increase in product with each cycle, as shown in the top graph of figure 7, where 3 distinct 
bands can be seen. A melt curve was also used. The standard line shown in figure 7 uses the 
dilution series to show that the PCR experiment ran at 100% efficiency by plotting the Ct 
values on a log scale. 
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Figure 7: 28s primer pair dilution series.  
Graph A – PCR amplification vs cycle. This shows showing relative fluorescence units (RFU) as a measure of 
fluorescence emitted, plotted against cycle number. Each arrow points to traces showing the fluorescence 
emissions from different template concentrations, with a 10-fold dilution between each. When a trace crosses the 
threshold (horizontal orange line) this is calculated as the point where fluorescence becomes greater than 
background levels and this point is called Ct. 
Graph B – Melt curve 
Graph C – Standard line 
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Data from the standard curve are then plotted in a table (see table 2), showing the dilution 
factor (SQ mean), the threshold cycle (Ct) and the mean threshold cycle for each dilution (Ct 
Mean). The Ct mean from the standard was then used in calculating the relative quantity of 
GLUT4 expression, shown below. 
 
Table 2: 28s primer pair Ct values 

Well 
number 

Threshold    
Cycle (Ct) 

Log 
Starting 
Quantity 

Starting 
Quantity 

(SQ)       
Mean 

SQ       Std. 
Dev. 

Ct      
Mean 

Ct        Std. 
Dev. 

A3 10.89 0 1 0.00 10.77 1.68x10-01 
A4 10.65 0 1 0.00 10.77 1.68x10-01 
A6 13.78 -1 1 6.97x10-10 13.71 5.37x10-02 
A7 13.68 -1 1x10-01 6.97x10-10 13.71 5.37x10-02 
A8 13.69 -1 1x10-01 6.97x10-10 13.71 5.37x10-02 
A9 17.47 -2 1x10-02 2.90x10-11 17.34 4.11x10-01 
A10 16.72 -2 1x10-02 2.90x10-11 17.34 4.11x10-01 
A11 17.57 -2 1x10-02 2.90x10-11 17.34 4.11x10-01 
A12 17.58 -2 1x10-02 2.90x10-11 17.34 4.11x10-01 

The Ct mean for the undiluted cDNA is shown in bold. This value is used for the %Ct calculations. 
 
Notice in figure 8 graph A that three distinct bands cannot be seen; this indicates that PCR 
efficiency for this primer is not 100%. In figure 8 graph B different melt curves can be seen, 
showing primer dimers or unspecific binding. Figure 8 graph C also shows poor efficiency, 
with a gradient far from the optimum of 3.3. 
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Figure 8: GLUT4 primer pair dilution series  
Graph A – PCR amplification vs cycle 
Graph B – Melt curve 
Graph C – Standard line 
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Table 3 shows the Ct mean at no dilution, (shown in bold) for GLUT4. This was compared to 
the corresponding Ct mean of 28s to solve the relative quantity of GLUT4 in preadipocytes. 
 
Table 3: Results of GLUT4 primer pair 

Well number Threshold   
Cycle (Ct) 

Log 
Starting 
Quantity 

Starting 
Quantity  

(SQ) 

SQ      
Std. 
Dev. 

Ct     
Mean Ct        Std. Dev. 

E1 35.7 0 1 0 36.76 7.94x10-01 
E2 37.5 0 1 0 36.76 7.94x10-01 
E3 37.3 0 1 0 36.76 7.94x10-01 
E4 36.5 0 1 0 36.76 7.94x10-01 

 
The difference between the Ct value of 28s and GLUT4 = %CT = 36.76 – 10.77 = 25.99 
Thus, 25.99 is the corrected cycle number at which fluorescent signalling for GLUT4 in 
preadipocytes crosses the threshold of logarithmic increases in cDNA concentration. This 
value can be compared to the %CT for GLUT4 in RNA of differentiated 3T3-L1 cells to 
calculate the difference in expression. 
 
! GLUT4 expression in 4 day post-differentiation RNA 
(The tables showing Ct values for 28s and GLUT4 in differentiated RNA and for 28s and 
SSAO RNA in both preadipocytes and differentiated cells are shown in the appendices.) 
The Ct mean for 28s at 100% efficiency equalled 11.21 and the Ct mean for GLUT4 at 100% 
efficiency equalled 28.94. Therefore, the %Ct equalled 28.94 – 11.21 = 17.73. 
The above value was subtracted from the %Ct for GLUT4 in preadipocyte RNA. The resulting 
value is called %%Ct. 
%%CT = (preadipocyte – differentiated) = 25.99 – 17.73 = 8.26 
 
Therefore, there was 28.26 times the amount of GLUT4 expression in cells 4 days after 
differentiation compared to undifferentiated cells. This value may not have been accurate 
because of the inefficiency of the real time PCR reaction for undifferentiated GLUT4 due to 
the very low levels of GLUT4 leading to unspecific binding. However, the real time PCR data 
combined with a gel picture from PCR using two different GLUT4 primers (see fig. 9) 
showed that there were greatly elevated GLUT4 levels in differentiated compared to 
undifferentiated cells. Figure 9 shows that there was little difference in expression of controls 
between the two types of DNA, but there was a large difference in the expression of GLUT4, 
using either primer, with unspecific binding seen for GLUT4 in preadipocytes and strong 
expression for GLUT4 in differentiated DNA. 

17 
 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

10 11 12 13 14 15 16 17 18

 
Figure 9: Comparison of preadipocyte and 4 days post-differentiation cDNA for GLUT4_A and GLUT4_B, 
using 28s and B2m as controls. 
For wells 1-9, top wells show results from qRT-PCR with differentiated adipoctye cDNA template, while bottom 
wells used preadipocyte cDNA. 
Wells 1-4 were loaded with 28s product. 
Wells 5-8 were loaded with B2m product. 
Well 9 was loaded with a 100 bp ladder. 
For wells 10-18, top wells were loaded with GLUT4_a product while bottom wells were loaded with GLUT4_b 
product. 
Wells 10-13 were loaded with preadipocyte cDNA. 
Wells 14-17 were loaded with differentiated adipocyte cDNA. 
Well 18 was loaded with 100 bp ladder. 
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SSAO levels in preadipocytes compared to differentiated cells: 
! SSAO expression in preadipocyte RNA 
The Ct mean for 28s at 100% efficiency equalled 10.33 and the Ct mean for SSAO at 159% 
efficiency equalled 32.12. Therefore, the (CT = 32.12 – 10.33 = 21.79. 
 
! SSAO expression in 4 day post-differentiation RNA 
The Ct mean for 28s at 100% efficiency equalled 10.67 and the Ct mean for SSAO at 100% 
efficiency equalled 25.66. Therefore, the (CT = 25.66 – 10.67 = 14.99. 
The %%CT = 21.79 – 14.99 = 6.8. 
 
There is therefore 26.8 times the amount of SSAO expression in cells 4 days after 
differentiation compared to undifferentiated cells. 
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Discussion 
 
Cell Culture 
The 3T3-L1 adipocytes were taken from an NIH Swiss mouse embryo cell line. This should 
increase heterogeneity and give cells with little variance in characteristics. However, as the 
cell line is quite old mutations may have occurred, and so a given batch of cells can have 
different characteristics compared to another. The 3T3-L1 cells used in this experiment did 
not always undergo the same morphological changes following differentiation. Often all the 
cells in a plate would die after differentiation, while cells on another plate under the same 
conditions would thrive. Cells did not grow well on medium with fungizone®, an antifungal 
agent, and so this was avoided, meaning that extra care needed be taken to avoid 
contamination. 
 
Efficiency of Primers 
Finding primer pairs that showed specific binding and good amplification products proved to 
be the main difficulty in this project. In the beginning all PCRs were run for 35 cycles and 
generally showed good results, but when the length of the run was increased, as it was in real 
time PCR, it became obvious that many primers had high levels of unspecific binding. It is 
hard to say if results showing poor yield and unspecific binding were generally due to bad 
primers or to very low gene expression. With the GLUT4 primers, for example, no matter 
how much the protocol was changed the primers showed poor efficiency, until a PCR was run 
using DNA from differentiated adipocytes, which gave high efficiency every time. This 
shows that the primer was in fact not at fault, but rather the low gene expression in 
preadipocytes gave poor results. For other genes, however, such as TNF-", low efficiency was 
seen both before and after differentiation and this may be due to consistently low expression. 
Indeed, since so many primer pairs were designed and tested (5 for this gene alone) I think 
this is the most likely explanation. 
 
PCR Optimisation 
In order to optimise PCR conditions for each primer pair, plates were run at different 
annealing temperatures. Higher temperatures increase the stringency of the experiment, 
reducing the chance of unspecific binding since primers that have annealed to DNA regions 
with mismatching bases dissociate from the template and are not extended, but if temperatures 
are too high then all bonds break and the primers will not anneal. Temperature gradients were 
also used on the iCycler system, allowing a number of different annealing temperatures to be 
tested on the same run. This is important because it minimises the variability and so gives a 
clearer comparison between temperatures. Samples that crossed threshold cycle first and 
showed strong, clear bands when loaded and run on an agarose gel were considered to be best. 
Changing the magnesium concentration was also used to improve optimisation, with lower 
magnesium concentrations increasing stringency.  
 
Experimental Limitations 
The low expression of inflammatory cytokines TNF-" and IL6 may be due to the fact that an 
untreated cell line was used rather than cells treated to mimic obese conditions, since 
inflammatory substances show increased expression in obesity. This demonstrates a limitation 
of using the 3T3-L1 cell line. Visceral fat is primarily responsible for the production of these 
cytokines but 3T3-L1 cells are only a model of adipocytes in general, and have different 
characteristics compared to specific fat subtypes in the human body. This can also explain 
discrepancies between in vitro studies using 3T3-L1 cells and in vivo studies. Sources 
claiming SSAO to be elevated in diabetes obesity (Yu et al. 2003) are at odds with reports 
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that AP-2! and TNF-" are elevated in obesity (Shibasaki et al. 2002, Sell et al. 2006, Tao et 
al. 2006,) since TNF-" has been shown to potently inhibit SSAO expression and activity 
(Mercier et al. 2003). Thus, it would be expected that if TNF-" levels were raised, SSAO 
levels could not be raised in parallel. However, it may be that different fat types behave in 
different ways and so an in vitro study would find very different results from those of other 
studies, such as measuring enzymes in blood plasma. 
 
Internal Standards 
Internal standards were run alongside the measured amplicon in each real time PCR reaction. 
This is necessary to correct for slight differences in experimental conditions between each 
reaction, which can be due to DNA concentration, temperature fluctuations, etc.  The internal 
standards should also give consistent gene expression regardless of what changes occured in 
the cell. This means the amount of standard after differentiation should be the same as in 
preadipocytes and the amount of standard could therefore be subtracted from each result to 
give a relative quantity. Without the standards, quantitation could not be carried out.  I used 
two standards in each PCR run, 28s (a constituent of the 60s subunit of eukaryotic ribosomes) 
and B2m (Beta-2 microglobulin). However, the expression of my two standards was not equal 
after differentiation. This means that either 28s or B2m did not remain at constant levels 
during differentiation, but the exact starting quantity of RNA used to make each template 
cannot be known, so I was unable to know which standard was inconstant. However, since the 
changes in SSAO and GLUT4 were found to be so large, the results from using either 
standard were similar and hence I used 28s as the standard in the results shown.    
 
GLUT4 
The fact that GLUT4 expression increased so greatly following differentiation was expected, 
since insulin was added to the medium and insulin is known to cause a large increase GLUT4 
recruitment from almost zero at basal level in preadipocytes. 
 
Future Experiments 
There are many other experiments that I think it would be very interesting to carry out in 
order to better characterise the processes being studied. In addition to measuring the gene 
expression through PCR, it would be interesting to measure enzyme expression using enzyme 
assays to see if enzyme expression parallels mRNA expression. As a direct study of how AP-
2! and SSAO expression levels change relative to each other, SSAO activity could be 
decreased using an SSAO inhibitor such as 2-bromoethylamine or (E)-2-(4-fluorophenethyl)-
3-fluoroallylamine (Yu et al. 2003) or increased using an SSAO substrate such as 
benzylamine or methylamine (Yu et al. 2003). The resulting changes in the levels of AP-2! 
mRNA and of other factors such as TNF-", IL6 and visfatin could be measured by PCR. 
 
The level of AP-2! expression could be increased using a recombinant adenovirus to infect 
the cells, as carried out by Tao et al. (2006) or decreased by creating a mouse with a mutated 
form of AP-2! (also carried out by Tao et al. (2006)) and then measuring the resulting 
changes in SSAO gene expression and enzyme levels. 
 
A model of diabetes could be mimicked by using an insulin receptor inhibitor. This would 
help to answer the question of whether elevated SSAO or AP-2! levels are themselves 
causing insulin resistance, or if their increase is due to the resistance. The levels of the 
inflammatory cytokines could also be increased by adding TNF-" or IL6 enzyme to the cells. 
Insulin levels could also be increased by adding insulin to the medium at varying 
concentrations. 
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It would also be interesting to measure glucose uptake under different conditions using radio-
labelled 2-deoxyglucose. Immunocytochemistry could also be used to confirm that SSAO and 
GLUT4 colocalise in vesicles and cycle together to the cell surface, which would demonstrate 
SSAO’s role in GLUT4 recruitment and help to explain my results that showed SSAO and 
GLUT4 expression increasing in parallel.                                                                                                             
 
Due to the different characteristics of different fat types, it would be of particular interest to 
carry out these same experiments (e.g. PCR, enzyme assays) on human subcutaneous and 
visceral fat tissues ex vivo and compare the differences between the tissue types. Similar 
experiments could also be carried out using fat from lean patients and obese patients, since it 
is known that the endocrine functions of fat tissues change drastically in obesity (Hansen et 
al. 2006, Klein et al. 2006).                                                                                                                                  
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Materials and Methods 
 
Cells and Cell Culture 
3T3-L1 preadipocyte murine cells were kindly provided by Bruno Fève (Institut Biomédical 
des Cordeliers, Paris, France). Human insulin, water-soluble dexamethasone and 
isobutylmethylxanthine (IBMX) were obtained from Sigma-Aldrich Corp. (St Louis, MO). 
Dulbecco's Modified Eagle's Medium was obtained from Gibco (Paisley UK). 
 
The cells were defrosted from liquid nitrogen on the 13th February 2007 and the 10th April 
2007 and cultured in 8 ml basic medium (composed as shown in table 4) on 30 mm plastic 
plates. 
 
Table 4. Composition of cell media 

Type of Medium Contents Volume 
Basic  
 
 
 

! Dulbecco’s Modified Eagle’s Medium 
! penicillin/streptomycina  
! foetal bovine serum 

! 500 ml 
! 5 ml 
! 55 ml 

Differentiation  
 
 
 
 

! Basic medium (see above) 
! 0.25 'M Dexamethasone 
! 0.5 mM IBMX 
! 175 nM insulin 

! 10 ml 
! 4,2 'l of 600 'M stock solutionb 
! 66.67µl of 75 mM stock solutionc 
! 1'l of 1.72 mM stock solution 

Insulin  
 

! Basic medium (see above) 
! 1.75 µM insulin (10µl stock solution) 

! 10 ml 
! 10 'l of 1.72 mM stock solution 

a5,000 I.U. penicillin, 5,000 µg/mL streptomycin 
bprepared from 0.3513 g dexamethasone powder dissolved in 1000 'l dH2O and sterilised by filtration. This was 
then diluted 100 times.  
cprepared from 0.6668 g IBMX powder dissolved in 40 ml pure ethanol and sterilised by filtration.  
 
48 hours after cells reached confluency, differentiation was initiated by feeding with 
differentiation medium. 48 hours after initiation of differentiation the cells were fed with high 
insulin medium. 48 hours after this the medium the cells were fed and maintained in the basic 
medium. 
 
Cells were fed with new medium every 3 days. 
 
RNA Extraction 
RNA extraction was carried out using a QIAGEN RNeasy® Mini Kit (VWR International AB, 
Sweden) and all buffers and spin columns used were from this kit. Once cells reached 
confluency, the medium was completely removed from the cell plate. 600 'l of buffer RLT 
(with 6 'l !-mercaptoethanol) was added to the cell plate to lyse the cells. The resulting lysate 
was collected with a rubber spatula and pipetted onto a QIAshredder® spin column to 
homogenise the lysate and then centrifuged at 26342.4 g for 2 minutes. The column was 
discarded and 600 'l of ethanol was added to the lysate.  )700 'l of this lysate was added to 
an RNeasy® mini column in a 2 ml tube and centrifuged at 26342.4 g for 15 seconds. The 
flow through was discarded. 700'l RWI buffer was then added to the column and again 
centrifuged at 26342.4 g for 15 seconds. In a new collecting tube, 500'l RPE buffer was 
added to the column and centrifuged at 26342.4 g for 15 seconds and then 2 minutes to dry 
the membrane. 50 'l RNase free water was added directly to the silica membrane and 
centrifuged at 26342.4 g for 1 minute. The column was discarded and the RNA at the bottom 
of the tube was frozen until use. 
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RNA concentration was measured in a spectrophotometer using pure water to calibrate and 1 
'l of RNA in 99 'l of RNase free water as the test sample. The resulting RNA concentrations 
were diluted in RNase free water to yield 100 ng/'l RNA. 
 
cDNA Synthesis 
1 µl of 100 ng/µl RNA extracted from 3T3-L1 adipocytes or preadipocytes was added to 30 'l 
RNase free water and heated at 65°C for 10 minutes to open up the tertiary RNA structure and 
then cooled on ice for 2 minutes to keep the RNA in this opened state. First-strand cDNA was 
synthesised using FPLCpure Murine reverse transcriptase (GE Healthcare UK Ltd, 
Buckinghamshire, UK). 1 'l each of primer oligo(dT) random hexamers oligo(dN) were 
added to give a series of first-strand products spanning the entire mRNA. It is important to 
add both hexamers and oligo(dT) to ensure representation of the entire mRNA transcript. The 
RNA mix was incubated at 37°C for 1 hour and the DNA product frozen until use. 67 µl of 
water was added to the DNA to make a 100 'l volume. 
 
Primer Design 
Primer pairs (shown in table 5) were designed using the programme BEACON DESIGN 
which checks for specificity against the BLAST database. 
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Table 5: The resulting sequences for each of the primers designed. 

Gene Primer 
no. Sequence 

Product 
Length 
(b.p.) 

Optimal 
MgCl2 

conc. ('l) 

Optimal 
annealing 
temperature 

(°C) 

AP-2! 1 Sense: 5’-GGAGAGGAGCGTCGGATTTGG-3’ 
Antisense: 5’-AGCATGATCGCAGCCTGGTC-3’ 87   

 2 Sense: 5’-AGAGGAGCGTCGGATTTGG-3’ 
Antisense: 5’-ATGATCGCAGCCTGGTCTC-3’ 136   

 a Sense: 5’-CCACGTCAACGATCCCTACT-3’ 
Antisense: 5’-CTTCTGAGCCCACTTCTTGG-3’ 92 3.3 60.5 

 b Sense: 5’-GCCAAAACCGTTTCTCCTTT-3’ 
Antisense: 5’-CAGAGTGCCCTCGAGAAGAG-3’ 101   

 c Sense: 5’-CCCAGTGGTGTTGAGGACAT-3’ 
Antisense: 5’-CGGCTGCCTTAGCCCTTA-3’ 98   

GLU
T4 1 Sense: 5’-CAGAAGGTGATTGAACAGAG-3’ 

Antisense: 5’-GATGCCAATGAGAAAGGAAG-3’ 159   

 2 Sense: 5’-CAGAAGGTGATTGAACAGAG-3’ 
Antisense: 5’-AATGATGCCAATGAGAAAGG-3’ 162   

 a 
Sense: 5’-TTGGGAAGGAAAAGGGCTAT-3’ 

Antisense: 5’-GAGGAACCGTCCAAGAATGA-
3’ 

117 2.9 60.5 

 b Sense: 5’-CAAACTGGCACTTCCACTGA-3’ 
Antisense: 5’-TTGGGAGGGTGTATCCTTTG-3’ 92 2.9 60.5 

 c Sense: 5’-ATGACTGAGGGGCAAAACAG-3’ 
Antisense: 5’-GCTGTTCCTTCAACCTGGAG-3’ 114   

TNF-
" 1 Sense: 5’-GGTTCTGTCCCTTTCACTCAC-3’ 

Antisense: 5’-TGCCTCTTCTGCCAGTTCC-3’ 107   

 2 Sense: 5’-GGTTCTGTCCCTTTCACTCAC-3’ 
Antisense: 5’-CCTCTTCTGCCAGTTCCAC-3’ 105   

 a Sense: 5’-CCACCACGCTCTTCTGTCTA-3’ 
Antisense: 5’-AGGGTCTGGGCCATAGAAT-3’ 103   

 b Sense: 5’-CCCCAAAGGGATGAGAAGTT-3’ 
Antisense: 5’-TGGGCTACAGGCTTGTCACT-3’ 109   

 c Sense: 5’-CCCAGACCCTCACACTCAAT-3’ 
Antisense: 5’-AGCTGCTCCTCCACTTGGT-3’ 90   

IL6 1 Sense: 5’-TTCCATCCAGTTGCCTTCTTG-3’ 
Antisense: 5’-AGGTCTGTTGGGAGTGGTATC-3’ 108   

 2 Sense: 5’-GCCTTCTTGGGACTGATGC-3’ 
Antisense: 5’-AGGTCTGTTGGGAGTGGTATC-3’ 96   

28s  Sense 5’-GCGACCTCAGATCAGAC-3’ 
Antisense: 5’-GGCTCTTCCCTGTTCAC-3’ 110 3.5 60.5 

B2m  
Sense: 5’-CACTGAGACTGATACATACG-3’ 

Antisense: 5’-
AGCATATTAGAAACTGGATTTG-3’ 

153 3.5 60.5 

Visfat
in  

Sense: 5’-TCTCCCGATTGAAGTAAAGGC-3’ 
Antisense: 5’-

GATACCAGGACTGAACAAGAATAG-3’ 
87   

SSAO  
Sense: 5’-TGC ACA TCC CTC ATG CAG AA-3’ 
Antisense: 5’-GGA GGA AGA AGC CCA CTG 

AGT-3’ 
71 3.5 60.5 

The primer pairs shown in bold were those used in the final quantitation experiments. The optimum magnesium 
concentrations and temperatures shown for these primers were determined through optimising PCRs. Primers 
giving high specificity were chosen for further experiments. 
 
PCR and Quantitative real-time PCR 
PCR and Quantitative RT-PCR were performed using SYBR® Green detection. qRT-PCR 
was run on the Biorad iCycler system. The amplifications were carried out in a 25 'l reaction 
volume containing 2.5 'l 10x buffer (AmpliTaq Gold, Roche Applied Science, Sweden), 0.2 
mM dNTP, 0,1U Taq polymerase (AmpliTaq Gold, Roche Applied Science, Sweden), 0.5 'l 
SYBR® green and Fluorescein (Bio-Rad, CA) stock, 0.5 'l of each primer, 1 'l template 
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DNA. PCRs were run for 35-50 cycles, with all real time PCR run for 50 cycles. The 
annealing temperature and magnesium concentration used for each primer pair can be seen in 
table 5. 
 
SYBR® green and Fluorescein stock was prepared by adding 0.5 'l each of 0.5 mM 
fluorescein (in DMSO) and 0.1M SYBR® green (in water) to 500 'l TE buffer (10 mM Tris, 
citrate anion; 1mM EDTA at pH 7.2).  
 
Agarose gels were prepared by adding 1.2 grams of agarose to 80 ml of 0.5 x TBE buffer 
(0.445M Tris, 0.445M boric acid, 10mM EDTA pH 8) to give a 1.5 % gel. This was heated in 
a microwave for ~2.5 minutes and then 3 µl SYBR® safe DNA gel stain (stock conc. 10,000 x 
in DMSO), giving a final concentration of 0.37x solution in an 80 ml gel. (Invitrogen, Oregon 
USA) was added. The gel was then poured onto a mould. After hardening, the well moulds 
were removed from the gel and the gel was covered in 0.5 x TBE buffer. 3 µl of loading 
buffer (35 'l 0.5 x TBE, 10 'l 100 bp ladder and 5 'l loading buffer (6.25 ml H2O, 0.025g 
Xilene cyanol, 0.025g Bromophenol Blue, 1.25ml10% sodium dodecyl sulphate, 12.5ml 
glycerol)) was added to each PCR product to increase DNA density. 10 µl of product was 
loaded into each well. A DC current at 120 volts was then run through the gel for about 30 
minutes, depending on gel width and DNA size. The DNA was visualised under a blue light. 
 
Staining with Oil Red O 
Staining was carried out 10 days after the initiation of differentiation. The medium was 
removed from the cell plate. Cells were incubated in 4 % formaldehyde for 10 minutes. The 
formaldehyde was then discarded and cells were incubated in fresh formaldehyde for 24 
hours. The formaldehyde was then discarded and fresh formaldehyde was added and the cells 
were incubated overnight. The formaldehyde was then discarded. Oil Red O solution (100 ml 
propylene glycol, 0.5 g Oil Red O) was added to the cell plate and cells were left at room 
temperature for 2 hours and then rinsed in 85% isopropanol for 5 minutes, before rinsing in 
distilled water. The slides were then stained in Gill’s haematoxylin solution (Sigma-Aldrich 
Corp. (St Louis, MO)) for 10 minutes and then washed in distilled running water for 3 
minutes.  
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Appendices 
 
Table 6: 28s expression 4 day post differentiation 

Well 
Number 

Threshold   
Cycle (Ct) 

Log 
Starting 
Quantity 

Ct       
Mean 

B2 11.1 0 11.21 
B3 11.4 0 11.21 
B4 11.2 0 11.21 
B6 14.7 -1 14.68 
B7 14.6 -1 14.68 
B9 17.7 -2 17.87 

B10 17.7 -2 17.87 
B11 18.2 -2 17.87 
B12 17.9 -2 17.87 

 
Table 7: GLUT4 expression 4 day post differentiation 

Well 
Number 

Threshold   
Cycle 
(Ct) 

Log Starting 
Quantity Ct       Mean 

F2 28.9 0 28.94 
F3 28.8 0 28.94 
F4 29.1 0 28.94 
F5 31.5 -1 31.62 
F6 32.5 -1 31.62 
F8 30.8 -1 31.62 
F9 35.5 -2 35.68 

F11 35.9 -2 35.68 
 
SSAO levels in preadipocytes compared to differentiated cells 
 
Table 8: 28s expression in preadipocytes 

Well 
Number 

Threshold 
Cycle (Ct) 

Log Starting 
Quantity 

Ct 
Mean 

A2 10.42 0 10,33 
A3 10.23 0 10,33 
A4 10.34 0 10,33 
A5 12.78 -1 12,84 
A6 13.34 -1 12,84 
A7 12.36 -1 12,84 
A8 12.88 -1 12,84 
A9 16.96 -2 17,14 

A11 17.31 -2 17,14 
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Table 9: SSAO expression in preadipocytes 

Well Number Threshold 
Cycle (Ct) 

Log 
Starting 
Quantity 

Ct 
Mean 

E3 32.0 0 32,12 
E4 32.2 0 32,12 
E5 33.3 -1 33,99 
E6 34.9 -1 33,99 
E7 34.1 -1 33,99 
E8 33.8 -1 33,99 
E9 37.7 -2 36,86 
E10 36.6 -2 36,86 
E11 36.6 -2 36,86 

 
Table 10: 28s expression 4days post differentiation 

Well 
Number 

Threshold 
Cycle (Ct) 

Log 
Starting 
Quantity 

Ct 
Mean 

B1 10.9 0 10,67 
B2 10.4 0 10,67 
B3 10.7 0 10,67 
B5 13.4 -1 13,27 
B6 12.7 -1 13,27 
B7 13.4 -1 13,27 
B8 13.5 -1 13,27 
B9 17.2 -2 17,46 

B12 17.7 -2 17,46 
 
Table 11: SSAO expression 4days post differentiation 

Well 
Number 

Threshold    
Cycle (Ct) 

Log Starting 
Quantity 

Ct     
Mean 

F1 25.5 0 25,66 
F3 25.9 0 25,66 
F4 25.6 0 25,66 
F5 28.7 -1 28,65 
F6 28.6 -1 28,65 
F7 28.7 -1 28,65 
F8 28.7 -1 28,65 

F10 32.8 -2 32,36 
F11 32.0 -2 32,36 
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