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Abstract:

Real-time gPCR and ELISA are very sensitive powerful techniques that were commonly and
universally employed in the quantification of gene expression. The aim of this study has two parts;
the first part is to quantify the level of the hFIX gene expression employing the real time gPCR for
quantifying the newly transcribed mRNA. The second part is to detect the translated rFIX protein
using the ELISA technique. In this study the mRNA levels present in mammalian liver cells
(HepG2) that were transfected with hFIX gene has been successfully quantified by qPCR using
hACTB as a housekeeping gene. Also the level of the translated rFIX protein has been observed
utilizing the ELISA instrument. ACt and AACt for the transfected cells were -1 and -21 respectively,
while the concentration of the rFIX in these cells was 5,495 ng/ml, which is more than 800 times
increase when compared with the control cells. The validation of such methods, which are used for
quantification of both the gene and the translated protein, is of significant importance. Furthermore
the examination of the functionality of the target protein is even more important due to the
challenges associated with these techniques.
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Introduction:

Factor IX (FIX) is a vitamin K-dependent serine protease protein that is manufactured in the liver
and has a major role in the coagulation process via activating factor X to the active form Xa which
produce thrombin from its precursor prothrombin whereas the thrombin activate the fibrinogen to
produce the fibrin mesh that ultimately resulted in producing blood clot that cease the bleeding®.
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This glycoprotein FIX is a functional enzyme that consists of 415 amino acid residues and catalyzes
an important step in the blood coagulation process®.

However hemophilia B (or alternatively called “Christmas disease”) is observed when a deficiency
and/or functionally defective types of hFIX (also known as Christmas factor) are encountered °.
This disease was discovered for the first time in 1952 when a 5-years old boy named Stephen
Christmas was deficient with FIX causing him hemophilia; hence the name Christmas disease was
come from* °. To rectify this condition, the patients were treated by transfusing freshly prepared
plasma, which contains the required FIX®. Nevertheless, this was not the perfect way as the
transfusion may increase the risk of transmittance of potential viral infections like human
immunodeficiency virus (HIV) and hepatitis type B virus (HBV). Also liver transplantation was
performed, but many issues like histocompatibility and the use of immunosuppressant drugs to
reduce the transplanted tissue rejection, have the major restrictions of performing such operations to
heal the patients with hemophilia B’. In contrast, the utilization of the biotechnology and genetic
engineering is considered as a superior alternative to treat these patients. This encompasses the
encoding of a certain gene (gene of interest) into a foreign host cell using a particular vector. This
newly inserted gen can be transcribed to produce mRNA whereas the mMRNA can be translated in
the endoplasmic reticulum (specifically the ribosomes) to the required protein®.

In fact there are troublesome issues that associated with the production of required-recombinant
protein. For instance the gene of interest can be lost from the host cell or any changes in the base
pairs of the gene of interest may lead to the lack of gene expression and no recombinant protein
would be observed. The above reasons enforce the utilization of quantitative technique to evaluate
the effectiveness of the gene expression process  1°. The first report on quantification of mRNA
utilizing the polymerase chain reaction (PCR) was published in (1989) **, which in turn was
developed by Mullis in 1983 *2. Porcher et al., (1992) followed this and described the quantitative
PCR (gqPCR), and then exponential utilization of gPCR has been reported™®. The gPCR is a
powerful, very sensitive, and robust technique that has been employed to estimate the level of
mRNA after reversely transcribing this single strand mRNA to the double strand copy cDNA **.
Real-time gPCR has been widely utilized in gene expression quantification-protocols due to many
highlighted attributes. For example it is considered to be very sensitive, precise, highly productive,
poses low limit of detection (based on fluorescence advances), can quantify the presence of
templates even for single cell, finally its specificity and reproducibility allows the gPCR to be very
accurate in quantifying either the number of genes or the mRNAs present in the sample * °,
However, there are many limitations are associated with the gPCR protocol, so for the RNA
extraction step the disadvantages encompasses the variability in efficiency of the extraction, which
in turn cannot be specified, short half-life of mMRNAs and the difficulty in assuring the absence of
Rnases. Although the gPCR instrument itself has a few limitations including the difficulty in
primers design to cope with the whole activity of the gene of interest particularly for the newly
studied ones, also the presence of enzyme inhibitors and/or the nucleases in the extraction buffer
may interfere with gPCR activity. Finally the challenges associated with housekeeping gene
selection to normalize data and to reduce gene expression variability are considered other
limitations of this technique > *'.

Scientists had studied the correlation of the quantity mRNA and multitude of the correspondent
protein. This correlation is still unclear. For instance two genes transcribed into a similar mMRNA
may result in different multitudes of the proteins translated. Accordingly, for full assessment, the
quantification of both the mRNA and the protein have to be performed. One of the most commonly
used tectlwgiques to quantify a specific protein is the Enzyme-Linked Immunosorbent Assay
(ELISA) .

The ease of operating, inconsiderable matrix effect, and the high sensitivity attributes of ELISA
cause it to be the preferred tool to quantify proteins by the scientists in the biological field and its
related disciplines. Moreover, sandwich ELISA is considered more sensitive than other types of
ELISA as in this type the protein of interest (antigen) has two different epitopes that would be
captured by two different antibodies *°. This study aimed to quantify the level of the hFIX gene
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expression utilizing the real time gPCR and to detect the translated rFIX protein employing the
ELISA techniques.

Materials and Methods:
This study was performed on May-2013 at Sheffield Hallam University laboratories, Sheffield, UK.

Materials:

Instruments:

Veriti Thermal Cycler (PCR) instrument used was purchased from Applied Biosystems; StepOne™
Real-Time PCR Systems instrument was employed for the Real time (QPCR); finally, Infinite® 200
PRO series was used as Plate reader.

Reagents:

The reagents and the tools that were used human factor 1X (hFIX) ELISA Kit were a 96 well FIX
microplate (supplied with its seal) covered with polyclonal antibodies to fit with factor IX protein,
standard hFIX lyophilized in a protein buffer, biotinylated polyclonal antibody that can attached to
FIX protein, protein buffer diluent (EIA), surface active agent buffer (wash buffer), Streptavidin-
Peroxidase Conjugate, tetramethylbenzidine as a chromogen-peroxidase substrate, and lastly 0.5 M
HCI used as Stop Solution to terminate the enzyme-substrate reaction.

Methods:

Part 1: lysis of the HepG2 cells:

A 1x10° HepG2 cell aliquot that was transfected with hFIX expression vector and a control of
1x10° HepG2 cells aliquot were already provided by the Biomedical Research Centre BMRC of
Sheffield Hallam University (Sheffield, UK). These two aliquots were lysed separately through the
addition of 50 pl of lysis solution, which was prepared by combining of 1.1ul of DNase | and 109
pl of lysis solution. Then each prepared solution was mixed through pipetting the solution within
the tubes five times. Then the solutions were incubated at laboratory temperature for 5 minutes.
After that 5 ul of stop solution was added and mixed five times through pipetting up and down.
Then an incubation of 2 minutes was performed at lab temperature and finally it was allocated in ice
for the next step.

Part 2: ELISA section:

To quantify the level of the target protein gained (i.e. FIX), a standard curve was performed
employing the following concentrations of the recombinant Factor IX (rFIX); (0.0, 1.56, 3.13, 6.25,
12.5, 25.0, 50.0 and 100.0) ng/ml. These concentrations were prepared using serial dilution and a
“Buffered protein base” as a diluent (this buffer was provided as x10 concentration and was diluted
to x1 concentration to be used for dilution).

12 microplates were used, 8 of these were filled with 50 pl for the standards mentioned above and
the other 4 microplates were filled with 50 pl of transfected HepG2 cells, transfected HepG2 culture
medium, control HepG2 cell lysate, and culture medium (the 4 samples). These 12 microplates were
sealed and incubated at laboratory temperature for 2 hrs. After the incubation period the microplates
were washed five times with 200 pl each of the wash buffer (supplied as x20 and was diluted to x1).
After the fifth washing process the rest of the washing buffer was removed, which was performed
by tapping the microplates over a tissue paper. Then a 50 of the x1 biotinylated antibody (provided
as x50 and was diluted with x1 EIA diluent buffer) against FIX protein was added to each one of
the 12 microplates and was incubated for an hour. Then the antibody buffer solution was decanted
and the microplates were washed 5 times with 200 ul each of the wash buffer exactly as above.
After that 30-pl aliquots of streptavidin-peroxidase conjugate (provided as x100 and was diluted to
x1 with x1 EIA diluent buffer) were added to each one of the 12 microplates and incubated at the
lab temperature for 20 minutes (instead of 30 minutes due to shortness of time). After that the
solution was decanted. Then the microplates were washed 5 times with 200 ul each of the wash
buffer exactly as illustrated above.
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Then 50-ul aliquots of chromogen substrate conjugate were added to each microplate and incubate
for 15 minutes. After that 50-pl aliquots of the stop solution were added to each microplate. The
plates were allocated in a plate reader and the results were observed at 450 nm wavelength.

Part 3.A: Reverse Transcription (RT) section:

Three of 0.2 ml nuclease-free tubes were labeled as C (for the control HepG2 cells) and T (for the
transfected HepG2 cells) and —RT (for the transfected HepG2 cells but without the addition of the
reverse transcriptase enzyme). 25-ul aliquots of 2x reverse transcriptase buffer were added to each
tube, while 2.5 pl of 20x reverse transcriptase mixture were added to each of the C and T tubes
only. Then12.5 pl of the nuclease-free water was added to each of C and T tubes whereas 15 pl was
added to the -RT tube. Finally, 10 pl of the RNA sample for the control HepG2 cells was added to
tube C, in contrast 10 ul of the RNA sample for the transfected HepG2 cells was added to each of T
and —RT tubes.

These three reaction tubes were mixed thoroughly and centrifuged for few seconds and were kept in
ice. After that the tubes were allocated in a thermocycler for an hour at 37°C at which the cDNA
were synthesized and then five minutes at 95°C to stop the function of the reverse transcriptase
enzyme. Lastly the holding temperature was 4°C and the three tubes with the cDNA were collected.
Part 3.B: real-time gPCR section:

The collected cDNA were amplified using two Cocktails: the hFIX Cocktail and the housekeeping
gene, which is the human Beta-actin (hACTB). These two Cocktails were similar in containing 10ul
of 2x TagMan Universal PCR mastermix and 3 pl of nuclease-free water, however these Cocktails
differed in the last 1 pl to make the final volume 14 pl. The 1 pl was 20x TagMan gene expression
assay (hFIX) that was used to prepare hFIX Cocktail while it was 20x TagMan gene expression
assay (hACTB) that was used to prepare hACTB Cocktail. Each Cocktail was prepared for 8
reactions. 14 pl of each Cocktail was placed in 2 different series of 8 PCR reaction tubes. Then for
each 8-series tube the following buffers were added as 6ul volume as follows: Control-cDNA for
the 1% and 2" tubes; Transfected-cDNA for the 3™ and the 4™ tubes; Reverse transcriptase
negative_cDNA for the 5™ and the 6™ tubes; for the 7™ tube it was the cytomegalovirus plasmid
encoded with human factor IX or phFIX-CMV (10ng); and finally the 8" tube contained the
nuclease free water. Then the reactions were mixed well and centrifuged for short period that
assured the contents were in the bottom of the tubes the bubbles were get rid or reduced to their
minimum.

Finally the reaction tubes were allocated in the fast-capable real-time gPCR machine that was
programmed as step 1; one cycle of 20 seconds for enzyme activation at 95°C. Then for step 2; forty
cycles every 1second at 95°C were performed, followed by 20 seconds at 60°C.

Results:

A. Quantification of the transcribed hFIX gene:

The hFIX gene was successfully transcribed in both the control and the transfected HepG2 cells in
which the hACTB gene was considered as house keeping gene (reference gene). The following row
data was observed as show in table 1.
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Table 1: shows the qPCR data observed with the StepOne™ Real-Time gPCR Systems instrument.
The above data was of the transcription of both hFIX and hBACT genes. Duplicates of control (C),
transfected (T), and reverse transcriptase negative (-RT) -cDNA copies were used. The plasmid was
used as positive control while the nuclease-free water was used as negative control.

hFIX primers  Observed qPCR data hACTB primers Observed gPCR data
C-cDNA 32.300 C-cDNA 12.565
C-cDNA 32.172 C-cDNA 12.828
T-cDNA 10.827 T-cDNA 12.655
T-cDNA 11.620 T-cDNA 12.815
-RT-cDNA Undetermined -RT-cDNA Undetermined
-RT-cDNA Undetermined -RT-cDNA Undetermined
Plasmid 11.250 Plasmid 22.991
Nuclease-free Undetermined Nuclease-free water 35.959

water

The observed data in table 1 was simplified and the mean of the duplicates was calculated and the
Ct values were obtained. The net Ct, ACt, and AACt values are illustrated in table 2.

Table 2: shows the Ct, ACt, and AACt values for the gene of interest (GOI) hFIX and the
reference gene hACTB in both control and the transfected mammalian HepG2 cells.

GOl (hFIX) Ct-values Reference gene Ct-values ACt AACt
(cycles) (hACTB) (cycles)
C-cDNA 33 C-cDNA 13 20
T-cDNA 12 T-cDNA 13 -1 -2

B. Quantification of the translated FIX protein:

FIX protein has been successfully expressed in both the mammalian hepatic cell-line (HepG2 cells)
and the growth media. The plate reader showed an increase in the absorbance at 450nm wavelength
corresponding to an increase in the FIX concentration as shown in table 3 below and plotted in
figures 3 and 4 respectively.
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Table 3: The absorbance of a serially diluted [FIX] and log [FIX]. The absorbance was
recorded by Infinite® 200 PRO series plate reader at 450nm wavelength and 9nm bandwidth.
The absorbance values were listed after subtracting the blank value (0.26).

FIX (ng/ml) Log ([FIX] (ng/ml)) Absorbance

100.00 2.00 0.92

50.00 1.70 0.7

25.00 1.40 0.53

12.50 1.10 0.37
6.25 0.80 0.2
3.13 0.49 0.09
1.56 0.19 0.05
0.00 N/A 0

Standard Curve of the Absorbance (450nm) vs serial dilutions of FIX utilized to
determined the concentration of FIX of samples
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Figure 3: shows the standard curve of absorbance at 450nm (observed with plate reader)
versus the concentration of FIX ng/ml (obtained utilizing sandwich type ELISA technique).
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Standard Curve of the Absorbance (450nm) vs the logarithim of serial
dilutions of FIX utilized to determined the concentration of FIX of samples
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Figure 4: shows the linearity of the correlated absorbance at 450nm (observed with plate
reader) versus the logarithm of [FIX] ng/ml. The slope was found to be (0.588) while the
intercept is (-0.278) as shown in the linear equation (y= 0.588x — 0.278). The R-squared value
is 0.996.

The plate reader instrument precision (standard deviation) for the observed data is found to be
(0.04). Also the lower limit of detection and the lower limit of quantification were found to be 0.12
and 0.4 respectively.

Accordingly, the concentration of factor IX was calculated based on the linear equation gained from
the plot on figure 4. The concentration of FIX inside the transfected cells is found to be 6.8 ng/ml,
in contrast its concentration is much more in the transfected medium, which is calculated and found
to be 5495 ng/ml, which is approximately 800-fold. The observed results are listed in table 4 below.

Table 4: This table reveals the calculated concentrations of FIX that are corresponding to the
observed absorbance.

Samples Absorbance at 450nm [FIX] (ng/ml)
Transfected cells 0.21 6.8
Transfected cell media 1.92 5495
Control cells Below the limit of detection N/A
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Control cell media Below the limit of detection N/A

Discussion:

Scientists worked on pseudotyped adeno-associated virus vectors to express hFIX. The expressed
gene was not evaluated, while the final produced hFIX protein was evaluated utilizing ELIZA
technique”. In this study, the transcribed hFIX gene was evaluated employing the RT-qPCR
technique. It has been reported that the utilization of the 463bp B-actin reference gene was as a
measure of quality control (QC) and as a standard that allows for the normalization of the number
of cells, efficiency of the RNA prepared and the cDNA synthesized?. In this study the employment
of B-actin gene was of such importance as can be seen in table 1, the observed gPCR data for -
actin gene was approximately the same for all the control and transfected cells. On the other hand,
regarding the gene of interest (hFIX gene), the number of gPCR cycles was markedly reduced in the
transfected cells as compared with the control cells as shown in table 1. Moreover, the reverse-
transcriptase negative controls showed “undetermined” data for both hFIX and hACTB primers.
This indicates that the absence of the reverse transcriptase enzyme urge that no mRNA would be
reversibly transcribed to cDNA, so that if any amplification occurs in the —RT tubes then it should
be due to contaminant DNA. Fortunately, there is no contamination as revealed by the —RT rows in
table 1.

Furthermore, the use of the nuclease free water as a negative control has a particular importance.
This can be explained as if there are any nucleases then they would destroy the cDNA as well as
any possible contaminant then a false negative result would be observed. In contrast if the nuclease-
free water was used then no reaction should be observed, as there is no added cDNA otherwise if
any signal would be observed then this definitely means the sample was contaminated. In this study
no contaminant was encountered with the hFIX while with the hACTB it was observed in the
nuclease-free water negative control as can be seen in table 1.

The established precision for the plate reader instrument (SD= 0.04), besides the relatively high R-
squared value (R? = 0.996), both of these indicate a reliable data observed as shown in figure 4. In
previous study, the level of the hFIX protein produced has been reported to be 100 times its basal
level®. In this study more improvement was performed so that the produced hFIX protein was
found to be more than 800 times as revealed in table 4.

Nevertheless, TagMan was used to obtain a reliable data. The only restriction of using TagMan is
that it is relatively more expensive than SYBR green, so if the work is huge or used frequently then
SYBR green would be economically a good choice, otherwise for more sensitive/reliable results
then TagMan is the best choice?.

In fact as the functional rFIX can successfully catalyze the coagulation process; it is logically if the
made rFIX would be added (in a concentration similar to that in the plasma) to a plasma deficient
with FIX (from a diseased patient), then it has to perform coagulation and hence this also could be a
way to know if the recombined FIX is functional or not.

Conclusion:

In this study the quantification of hFIX gene expression was successfully performed utilizing two
worldwide used techniques namely RT-qPCR and ELISA. In future work, it is highly suggested to
evaluate the quality (function) alongside with the quantity of the target product. Spending one
moment thinking how are millions of people are suffering from a particular genetic disease (e.g.
Christmas disease) calls for more efforts, time, and investment that are wealthy to be spent to
develop the available techniques of gene expression quantification like gPCR and ELISA as well as
the arising field of gene gun technology are wealthy to be researched to reduce/stop the suffering of
many life-threatening diseases and to improve the quality of life.
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