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ABSTRACT
Liver cancer is a deadly disease that still has no effective therapy, despite many years of
research. In this study, we have tested several transcription factors to see if they have any effects
on HepG2 and Hep3B cancer cell lines, which are derived from patients with hepatocellular
carcinoma (HCC). Both in vitro and in vivo experiments were performed using three or four
transcription factors that were induced in these cell lines using adeno-associated virus 2 (AAV2)
or lentivirus (LV) infection or transfection. The aim was to see if the overexpression of a few key
factors in the cancer cell lines could stop cancer cell proliferation and downregulate liver cancer
biomarkers.
The results indicated that in HepG2 cells grown in vitro AAV2-mediated delivery of our
transcription factors has low infection efficiency. But some transcription factors could
significantly downregulate proliferation when compared to control, cells infected with empty
viral vectors. Similar results could be seen in the Hep3B cell line. In addition, lentiviral-mediated
expression of the same transcription factors supported these data. However, the results for
transfection and in vivo studies did not demonstrate these same effects as clearly, largely due to
low infection efficiency, which we are currently focusing to solve.
In summary, my data suggests that overexpressing some of the transcription factors can
significantly downregulate proliferation and cancer biomarkers through viral infection in vitro
while my transfection and in vivo data may need additional experimentation.

NOTE: The names of the transcription factors used are not specified in the thesis due to conflict
with a patent application process and manuscript publication.
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Chapter 1
Setting the Stage for Liver Cancer Treatment

Facts and Trends of Liver Cancer:
The liver is an important organ in the human body that plays a key role in metabolism. It
filters nutrient-rich blood from the gastrointestinal tract through the hepatic portal vein and
further processes the macromolecules for absorption (Strauss, 2015). For lipid metabolism, the
liver helps breakdown fats through its production of bile for emulsification; the organ also assists
in the assembly of major lipoproteins and cholesterol that helps with protein transport and
hormonal signaling pathways within the body (Green et al., 2014; Voet et al., 2013). In addition,
the liver governs the body’s glucose levels by regulating glucose uptake and storage into
glycogen (glycogenesis) during high sugar levels, and releasing stored glycogen into glucose
(glycogenolysis) for energy use during low sugar levels. It can also activate gluconeogenesis
during times of starvation, a pathway that generates glucose when glycogen reserves are low
(Aronoff et al., 2004; Voet et al., 2013). As for protein metabolism, this versatile organ aids in
the production of major plasma proteins (i.e. Albumin) and clotting factors that get released into
the blood (Strauss, 2015; Lechner et al., 1997; Schreiber et al., 1971). Overall, the liver can be
seen as a critical organ in the human body system and compromising it through disease, such as
cancer, can lead to severe detrimental effects.
According to previous studies, hepatocellular carcinoma (HCC) is the most prevalent
form of primary liver cancer and the fifth most common type of cancer in the world (Gomaa et
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al., 2008). It is also the third-highest cause of cancer-related death worldwide (Njei et al., 2014).
Within the United States, in a study done by El-Serag et al. in 2014, researchers have found that
the incidence of HCC has tripled since the 1980s. They based their data on the National Institute
of Health’s Surveillance Epidemiology and End Results Program, which provides age-adjusted
information across all demographics on the rising trend of this cancer. They have discovered that
men are three times more likely to get HCC than woman. Also, they have found that Asian men
have the highest incidence rates when compared to non-Asians. However, for the proportional
increases of developing HCC in the past decades, there has been a larger growth for Hispanics,
African Americans, and Caucasians while the proportional increase over the years for Asians has
been the lowest. Finally, these researchers also reported a worrying discovery of HCC spreading
to people of younger ages—adults that are 45-60 years old. In a previous report done by the same
group back in 2007, the average age of HCC development was around 65 years old (El-Serag et
al., 2007).
These alarming facts and trends demonstrate that HCC should be a disease of great
concern. It affects people from various ethnicities and ages in the US and across the world,
which illustrates the urgency for a better method to treat this disease. As so, my research aims to
combat HCC by developing a new treatment using genetic therapy.

Causes of HCC
The cause of HCC can be mainly attributed to chronic infection from the Hepatitis B
Virus (HBV) and Hepatitis C Virus (HCV). HBV can be obtained from birth or during early
childhood (Martel et al., 2014). On the other hand, HCV infection can occur through
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contaminated needles or blood. The rise in HCV-related infections has also been found to
correlate with the rise in HCC cases (Martel et al. 2014). Moreover, another group of researchers
points out that the appearance of liver cirrhosis may also be a significant factor that drives the
development of HCC; they reported that individual infection of HBV and HCV in cirrhotic
patients can increase the chances of HCC by 2-to 6-folds while alcohol abuse in the same patient
groups can augment the risk by 2-to 4-folds (Fattovich et al., 2004). On the other hand, although
HBV and HCV play a large role in HCC development, they are not the sole factors. Other nonviral related causes have also been reported to lead to HCC manifestation (Blonski et al., 2010).
Alcohol and tobacco use, iron overload, aflatoxin exposure, and oral contraceptives could all
cause HCC development (Blonski et al., 2010). In addition, other researchers have found that
diabetes and obesity may also contribute to acquiring HCC (El-Serag et al., 2004). Overall,
prevention through vaccination, safer procedures that avoid needle use or blood transfusions, and
making healthier life choices can help avert HCC development (Blonski et al., 2010). Likewise,
medical treatments are available to fight against HCC at various stages of growth (Bruix et al.,
2011). Nevertheless, HCC ranks among the highest in cancer-related deaths so more research has
to be done to find a new treatment.

Cancer Biomarkers
Previous researchers have generated long lists of cancer biomarkers that are HCC specific
(Behne et al., 2012; Nobuhiro et al., 2015). One of the most prevalent markers used for liver
cancer diagnosis is the amount of serum alpha-fetoprotein (AFP) levels circulating in the blood.
AFP is a glycoprotein that is prevalent during fetal stages of development, but degrades to only
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trace amounts in adults. It has been used as the main marker for early detection, but lacks in its
sensitivity and may not appear in all HCC positive patients (Behne et al., 2012; Nobuhiro et al.,
2015). On another note, AFP-L3, a glycoform of AFP, may be a better marker because it is
specifically made by the cancer cells and is in high amounts in HCC patients. It also has been
shown to be more prevalent in more malignant tumors (Zhu et al., 2013; Nobuhiro et al., 2015;
Behne et al., 2012). In addition, DKK1 (dickkopf-related protein 1), a secreted protein that can
promote the accumulation of beta-catenin through the Wnt/signaling pathway, is another HCCspecific marker. It has been shown that using both DKK1 and AFP in combination as a
diagnostic marker could improve accuracy during early detection (Shen et al., 2012).
Furthermore, GP73 (Golgi protein 73), PIVKA II or DCP (prothrombin induced by vitamin K
absence II, also known as des-gamma carbothoxyprothrombin), OPN (osteopontin), and GPC3
(glypican-3) are also prime markers for HCC detection (Behne et al, 2012; Nobuhiro et al.,
2015). GP73 is normally not expressed in liver hepatocytes, but is upregulated in serum levels of
patients with HCC, and like DKK1, previous studies have shown an increase in precision when
used with AFP-L3 (Xu et al. 2014). PIVKA II is produced by a defect in the carboxylation
mechanism during prothrombin production. As so, in HCC patients, there is an increase in
protein levels of this atypical prothrombin, which can be used as a marker for detection (Bertino
et al., 2008; Naraki et al., 2002). OPN is a phosphoprotein that has been shown to be related to
metastasis in cancer. It is elevated in HCC and has a better sensitivity in detecting early signs of
cancer than AFP (Shang et al, 2012). Finally, GPC3 is a heparan sulfate proteoglycan of the
glypican family and is usually found on the cell membrane. It has an odd function with cancer
seeing that it is downregulated in breast, ovarian, and lung cancer, but is highly expressed in
HCC and stimulates the Wnt/signaling pathway as well. (Behne et al., 2012; Nobuhiro et al.,
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2015). Other markers for HCC that have been noted include heat-shock protein 70 (HSP70),
glutamine synthetase, squamous cell carcinoma antigen, and more (Nobuhiro et al., 2015; Bruix
et al, 2011).

Selecting Transcription Factors for Cancer Treatment
In this study, our lab was trying to find a novel way of treating HCC through
overexpression of a few selected transcriptional factors. We selected our factors based on studies
done by previous groups of researchers. In 2011, both Huang et al. and Sekiya et al. have
published that they succeeded in converting mouse fibroblast into cells with hepatocyte-like
functions. For the former group, their induced-hepatocyte-like cells (iHep cells) show epithelial
morphology, express the genes normally seen in hepatocyte, and can carry out normal hepatocyte
functions. On the other hand, Sekiya et al. have created their own version of iHep cells with
robust hepatocyte functions as well as in vivo hepatic tissue regenerative powers after
transplantation. More recently, a third group of researchers, Du et al. (2014), has developed
another type of hepatocyte-like cells (hiHep cells) from fibroblast through direct reprogramming.
They claim their hiHep cells are “fully functional” and can “express a spectrum of phase I and
phase II drug-metabolizing enzymes and phase III drug transporters.” In addition, through
transplantation, these cells can repopulate the liver up to 30%. Since liver cells are crucial for
bodily metabolic functions, Du et al.’s research has brought us a step closer towards creating
functional liver cells for regenerative medicine.
In light of these three discoveries, our study aims to use a combination of transcription
factors that are drawn from these and other studies to inhibit HCC growth. We hypothesize that
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through the overexpression of some transcription factors, we can downregulate common HCC
biomarkers in HepG2 and Hep3B cells, which are human HCC cell lines. In this case, we chose
the prevalent biomarker, AFP, and proliferation marker, Ki67, as the targets for our factors. Our
aim is to induce the overexpression of these transcription factors in these cell lines with high
efficiency to inhibit HCC development and growth, which can be observed through their effects
on AFP and Ki67.
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Chapter 2
Materials and Methods

HepG2 and Hep3B Cell Culture/Passage:
HepG2 and Hep3B cells were obtained from ATCC. Both cell lines were grown in 10 cm
dishes (BD Biosciences) that contained DMEM media (GIBCO) supplemented with 10 % fetal
bovine serum (FBS, Atlanta Biological) and 1 % penicillin/streptomycin (GIBCO). The cells
were passaged every two days at 1 to 3 ratio to avoid overcrowding and incubated in an
environment with humidified air at 37ºC with 5 % CO2.

Subcutaneous Tumor Growth and Infection for in vivo studies:
HepG2 cells were injected subcutaneously at 1.0 million cells/ 50 µl of 1X PBS into male
nude mice (Athymic Nude-Foxn1nu mice) that were three to four weeks old (Envigo). The tumor
was allowed to grow for two weeks until 0.5 cm in diameter before getting injected with the first
batch of virus. Each injection was directly delivered into the tumor and contained a virus
concentration of 108 particles/µl in 50 µl of 1X PBS. Following the first injection, another
injection with the same concentration was applied after one week. One more injection was given
a week after that leading to a total of three injections. After the third injection, an additional
week was given to allow the virus to take effect. Then, the mice were euthanized with CO2 and
the tumors were retrieved and cut into quarters before being fixed in 4 % paraformaldehyde
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(PFA) in 1X PBS for 1 day. After 1 day, PFA was removed, and the tumors were rinsed in 1X
PBS for three times. Finally, the tumors were left in PBS and stored in the dark at 4 ºC. All of the
animal procedures were approved by the Pennsylvania State University Institutional Animal
Care and Use Committee (IACUC).

Infection and Transfection of Cancer Cells using AAV and Lentivirus:
For in vitro studies, the HepG2 and Hep3B cells were seeded on coverslips (12 mm)
coated with Poly-D-lysine (PDL, Sigma) in 24-well plates (BD Biosciences). A virus
concentration of 108 particles/µl in 2 µl of 1X PBS was mixed with 1 ml of DMEM media (10 %
FBS + 1 % penicillin/streptomycin) and used to infect each well.
As for transfection, after seeding the cells on the coverslips, the initial DMEM media was
replaced by a mixture of 200 µl of warm OptiMEM media (GIBCO) for each well. Then, for
each well, add a combination of 1 µg of plasmid with 4 µl of polyethyleneimine (PEI,
Polysciences) in 50 µl OptiMEM media; allow mixture to sit for 15 minutes before administering
on the seeded cells. Add in the plasmid-PEI-OptiMEM solution and allow 3-5 hours for
transfection to take place. Afterwards, replace the OptiMEM with 1 ml of DMEM in each well.
(Please note this mixture is for a single well transfection. With more wells, please adjust
concentration accordingly.)

In vitro Immunofluorescent Staining:
After transfection or infection of HepG2 and Hep3B cells, on the days indicated in the
Results section, the coverslips were picked from the wells and fixed with 4 % PFA in 1X PBS
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and incubated for 15 minutes at room temperature. Then, the cells were washed with 1X PBS for
three times for 5 minutes each. Afterwards, blocking buffer (0.3 % Triton, 2.5 % normal goat
serum, 2.5 % normal donkey serum, in 1x PBS) was administered for at least 45 minutes.
Depending on what transcription factors and cancer biomarkers were tested, a combination of
primary antibodies was made (see Table 3: Antibody List) with the blocking buffer. After
blocking, the cells were incubated with primary antibody for at least 1 hour in room temperature
or overnight in 4 ºC in the dark.
Following primary antibody incubation, the cells were washed with 0.05 % or 0.1 %
Triton in 1X PBS three times for 5 minutes each. Secondary antibodies conjugated with Alexa
Fluor 647, Alexa Fluor 594, and Alexa Fluor 488 were prepared using the same blocking buffer
to counterstain the primary antibody (see Table 3: Antibody List). The secondary antibodies
were incubated for at least 1 to 2 hours at room temperature in the dark. When finished, a final
wash using 0.3 % Triton in 1X PBS was administered for 3 times for 10 minutes each.
Coverslips were mounted on microslides covered with anti-fading mounting solution
containing DAPI (Invitrogen) and sealed with nail polish (EMS).

In vivo Immunofluorescent Staining:
Tumors were sectioned using the Compresstome VF-700-0Z Microtome (Precisionary
Instruments Inc.) or Leica VT1000 S Microtome (Leica Biosystems). A quarter of the actual
tumor size was chosen and cut. If the tumor size was too large, the piece may be further
downsized to use only an eighth. Using the microtome, 25-30 µm slices were obtained and stored
in 6-well plates (BD Biosciences) with 1X PBS at 4 ºC in the dark. For experimentation, two
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slices from each tumor type were used and placed in 24-well plates. Slices were first
permeabilized in 0.3 % Triton in 1X PBS for at least 2 to 3 hours. Following permeabilization,
the slices were immersed in blocking buffer (0.3 % Triton, 2.5 % normal goat serum, 2.5 %
normal donkey serum, in 1x PBS) for 1 hour. Then, primary antibodies were administered and
the slices were stored overnight in the dark at 4 ºC (see Table 3: Antibody List).
After primary antibodies, the slices were washed with 0.05 % or 0.1 % Triton in 1X PBS
three times for 5 minutes each. The same secondary antibody procedure as in vitro staining was
used (In vitro Immunofluorescent Staining).
For mounting, slices were spread out on microslides and covered with the same antifading mounting solution containing DAPI. Coverslips (12 mm) were placed on top of the slices
and sealed with nail polish.

Microscope Imaging:
The Apotome.2 microscope (Zeiss) was used to take the fluorescent images. In vitro
coverslips were taken using the normal Apotome.2 single-layer function while Z-stack was
implemented to take the in vivo tumor slices. Most images focused in at 20x magnification.
Some images zoomed into a magnification of 40x using an oil lens.

Quantification of AAV2-infected HepG2 Cells
The statistical analysis on the Infection Efficiency (IE) and Proliferation Rate (PR) of
HepG2 cells infected by AAV2 was done through cell counting using the ImageJ software. Four
randomly chosen fields in three batches of each of the three tested transcriptional factor group
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(TF1, TF2, and TF3) plus GFP control were used for counting (n=12). Cell counting was
performed on selected days post infection (DPI), which included 3 DPI, 5 DPI, and 7 DPI. In
each field, the number of total cells were represented by DAPI. The number of infected cells
were represented by GFP infected cells that were also co-localized with the expression of the
transcription factors (GFP + TF). Finally, the number of downregulated cells were indicated by
cells with low Ki67 expression levels that have also been infected by GFP + TF. This was done
for all four fields in the three batches, and the average of each was used to calculate the IE and
PR using the Equation 1 and Equation 2 (see Appendix A Supplemental Information) Statistical
significance and p-value was determined using a one-way ANOVA test followed by a Tukey
post-hoc analysis.
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Chapter 3
Results

AAV Serotype Determination and Infection Efficiency (IE):
At the start of this project, AAV was the main vector used to deliver the transcription
factors into the cells. We found previous publications on the use of AAV for in vivo liverdirected therapy (Zincarelli et al. 2008; Sands et al. 2014). But for our study, we needed to test
for which AAV serotype had the best infection efficiency (IE) for our HepG2 and Hep3B in vitro
models. To test this, we used green fluorescent protein (GFP) as a reporter and infected HepG2
and Hep3B cells with AAV2, AAV5, AAV8, and AAV9 and observed the GFP expression levels
10 DPI (Figure 1).

Figure 1: Adeno-Associated Viral Infections in HepG2 and Hep3B Cells in vitro are Serotype
Dependent. A. & E. AAV2 showed the best GFP signals in both HepG2 and Hep3B cells 10 DPI. B-D.
HepG2 cells infected with AAV5, AAV8, and AAV9 had weaker GFP signals. F-H. Similar findings of
weak AAV5, AAV8, and AAV9 expression were found in Hep3B cells. Scale bar, 50 µm. (Images taken
by Zifei Pei.)

13

The results visually demonstrated that using GFP as a reporter in AAV2 had the best IE
10 DPI in both cancer cell lines (Figure 1A and 1E) while AAV5, AAV8, and AAV9 infection
showed less amounts of infected cells (Figure 1B-D and 1F-H). Therefore, we decided to use
AAV2 as our viral vector to express our transcription factors.
We made additional AAV2 viruses for our three experimental transcription factors with
GFP as a reporter (TF1-GFP, TF2-GFP, and TF3-GFP), which we called Cocktail A. As for the
control, we used empty AAV2 viral vectors with GFP reporter. We previously just tested the
AAV2-mediated GFP control virus for its infection efficiency to see how many cells our virus
can infect. Now, we wanted to see how well our experimental viruses infected the cells in HepG2
in comparison to the GFP control. So we infected Cocktail A transcription factors and GFP
control in HepG2 cells and used immunofluorescent staining to see the amount of GFP signals
across three time points (3, 5, 7 DPI) (Figure 2.) To measure the percentage of infected cells, we
counted the number of infected cells—indicated by green GFP signal—in a field and the number
of DAPI-labeled cells, which gauges the total number of cells. The infection efficiency was
obtained using Equation 1 (see Appendix A Supplemental Information). The average infection
efficiencies (% of GFP positive cells as a percentage of total number of cells) across different
days post infection (DPI) were reported in Table 1 below.
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3DPI

GFP Control

TF1-GFP

TF2-GFP

TF3-GFP

Mean

35.5 ± 6.2

19.5 ± 2.6

25.4 ± 3.0

29.5 ± 4.9

5DPI
Mean

GFP Control
21.6 ± 3.5

TF1-GFP
19.9 ± 1.7

TF2-GFP
16.6 ± 2.2

TF3-GFP
24.6 ± 4.1

7DPI
Mean

GFP Control
25.9 ± 2.8

TF1-GFP
24.0 ± 3.1

TF2-GFP
20.5 ± 1.8

TF3-GFP
26.6 ± 4.0

Table 1: Mean and Standard Errors (SE) for Infection Efficiency (%) using AAV2 Viruses with GFP
reporter (Cocktail A and Control) in HepG2 cells after 3, 5, and 7 DPI. At 3 DPI, GFP control showed an
IE of 35.5 % ± 6.2 %, while TF1-GFP, TF2-GFP, and TF3-GFP showed an IE of 19.5 % ± 2.6 %, 25.4 % ± 3.0
%, and 29.5 % ± 4.9 %, respectively. For 5 DPI, GFP control showed an IE of 21.6 % ± 3.5 % while TF1-GFP,
TF2-GFP, and TF3-GFP showed an IE of 19.9 % ± 1.7 %, 16.6 % ± 2.2%, 24.6 % ± 4.1 %, respectively.
Finally, at 7 DPI, GFP control showed an IE of 25.9 % ± 2.8 %, while TF1-GFP, TF2-GFP, and TF3-GFP
showed an IE of 24.0 % ± 3.1 %, 20.5 % ± 1.8 %, and 26.6 % ± 4.0 %. Comparison of infection efficiency at
different days post infection showed no significant differences in IE when comparing the different
experimental viruses to control at each time point (p, n.s., n = 12, one-way ANOVA).

From the table, one could see that infection of the GFP control virus was the highest at
3DPI at about 35.5 % ± 6.2 %. At 3DPI, the TF1-GFP, TF2-GFP and TF3-GFP were at 19.5 % ±
2.6 %, 25.4 % ± 3.0 %, and 29.5 % ± 4.9 %, respectively. On 5 DPI, it seemed that the GFP
control virus along with TF2-GFP and TF3-GFP all decreased in IE to 21.6 % ± 3.5 %, 16.6 % ±
2.2 %, and 24.6 % ± 4.1 %, respectively, while TF1-GFP stayed fairly consistent at 19.9 % ± 1.7
%. Finally, by 7 DPI, GFP control, TF1-GFP, TF2-GFP, and TF3-GFP all increased and had
individual values of 25.9 % ± 2.8 %, 24.0 % ± 3.1 %, 20.5 % ± 1.8 %, and 26.6 % ± 4.0 %,
respectively. Although the increase and decrease of IE seems to have an arbitrary trend, the data
appears to show that all four groups tend to normalize around 20-25 % by 5 and 7 DPI with the
exception of the high initial IE of the GFP control group at 3DPI. The results showed no
significant difference for all groups when compared to the GFP control groups (p, n.s., n = 12,
one-way ANOVA).
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Our data demonstrated that the infection efficiency was not that high, and when
compared to the control groups, the experimental groups did not seem to be significantly
different in the amount of cells they could infect. Figure 2A-C showed the immunofluorescent
images at 3, 5, and 7 DPI for the GFP control group that was used to perform the IE calculations.
GFP (green) was stained to illustrate infected cells and compared with DAPI (blue), which
constituted all of the cells in that field. The amount of GFP signal in the control group could
infect quite a few cells, but not all. Similarly, using the same GFP and DAPI staining, Figures
2D-F, Figures 2G-I, and Figures 2J-K provided images for TF1-GFP, TF2-GFP, and TF3-GFP,
respectively. They also demonstrated IE that was low. Lastly, Figure 2M offered a graphical
representation of the data in Table 1, which indicated how across all groups, the infection
efficiency was pretty consistent and low. Overall, this experiment suggested that using AAV2 to
infect with our Cocktail A and GFP Control virus was not that efficient and did not give
significant results. Although AAV2 may be a good method to deliver our transcription factors,
we may need to make improvements to increase the viral infection efficiency so that our factors
could be delivered to more cells. On the other hand, we could opt to use a different virus with
greater infection efficiency.
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Figure 2: Infection Efficiency of AAV2 virus with GFP reporter for GFP Control and Cocktail A in
HepG2 cells in vitro at 3, 5 and 7 DPI. A-L. Immunofluorescent staining in HepG2 cells at 3, 5 and 7 DPI
showing GFP signals (green) versus DAPI signals (blue) of the GFP control group, TF1-GFP, TF2-GFP,
and TF3-GFP. M. Graphical presentation of IE comparing all four groups at 3, 5, 7 DPI showing no
significant results (p, n.s., n = 12, one-way ANOVA). Scale bar, 50 µm.

Proliferation Rate in HepG2 and Hep3B Cells after Viral Infection
The same set of data for IE was also used to test for proliferation rate (PR). We wanted to
see if the infection of our experimental transcription factors in HepG2 cells could lower the
expression of Ki67, which would indicate that less cells were proliferating. To do so, we counted
the number of Ki67-positive cells over the total number of viral infected cells using Equation 2
(see Appendix A Supplemental Information). The average amount of cell proliferation (% of
Ki67 positive cells as a percentage of total number of cells expressing GFP) for each group were
reported in Table 2 and graphically presented in Figure 3M.

3DPI
Mean

GFP Control
70.2 ± 3.8* **

TF1-GFP
43.8 ± 8.0*

TF2-GFP
36.8 ± 5.4**

TF3-GFP
54.2 ± 5.9

5DPI
Mean

GFP Control**
45.2 ± 5.8

TF1-GFP
29.3 ± 6.1

TF2-GFP**
18.5 ± 5.0

TF3-GFP
26.1 ± 3.7

7DPI
Mean

GFP Control
38.9 ± 5.1

TF1-GFP
24.5 ± 5.1

TF2-GFP
20.2 ± 5.6

TF3-GFP
30.1 ± 4.8
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Table 2: Mean and Standard Error (SE) for Proliferation Rate (%) using AAV2 Viruses with GFP
reporter (Cocktail A and Control) in HepG2 cells across 3, 5, and 7 DPI. At 3 DPI, GFP control infected
HepG2 cells showed 70.2 % ± 3.8 % of PR, while TF1-GFP, TF2-GFP, and TF3-GFP showed a PR of 43.8
%± 8.0 %, 36.8 % ± 5.4 %, and 54.2 % ± 5.9 %, respectively (*p < 0.05, **p < 0.01, n = 12, one-way ANOVA
with post-hoc Tukey’s test). For 5 DPI, GFP control showed a PR of 45.2 % ± 5.8 % while TF1-GFP, TF2GFP, and TF3-GFP showed a PR of 29.3 % ± 6.1 %, 18.5 % ± 5.0 %, 26.1 % ± 3.7 %, respectively (**p <
0.01, n = 12, one-way ANOVA with post-hoc Tukey’s test). Finally, at 7 DPI, GFP control showed a PR of
25.9 % ± 2.8 %, while TF1-GFP, TF2-GFP, and TF3-GFP showed a PR of 24.0 % ± 3.1 %, 20.5 % ± 1.8 %,
and 26.6 % ± 4.0 % (p, n.s., n = 12, one-way ANOVA). Comparison of proliferation rate at 3 DPI showed
significant difference between GFP Control and TF1-GFP as well as TF2-GFP, while at 5 DPI, significant
difference was seen only between GFP Control and TF2-GFP (*p < 0.05, **p < 0.01, n = 12, one-way
ANOVA with post-hoc Tukey’s test). There were no significant differences at 7 DPI when comparing the
GFP Control to the experimental groups (p, n.s., n = 12, one-way ANOVA).

At 3DPI, we found that TF1-GFP and TF2-GFP could significantly lower proliferation by
downregulating Ki67 in HepG2 cells expression when compared to the control. While GFP
control also had some cells that stopped cell growth since only 70.2 % ± 3.8 % of infected cells
were proliferating, the experimental groups were much lower. TF1-GFP significantly lowered
Ki67 expression in comparison to the control group by only having 43.8 % ± 8.0 % of cells
proliferating (*p < 0.05, n = 12, one-way ANOVA with post-hoc Tukey’s test). In addition, TF2GFP showed more dramatic results by significantly stopping proliferation to only 36.8 % ± 5.4
% (**p < 0.05, n = 12, one-way ANOVA with post-hoc Tukey’s test). But for TF3-GFP, the
downregulation of Ki67 was the least dramatic and not significant with 54.2 % ± 5.9 % of cells
proliferation (p, n.s., n = 12, one-way ANOVA).
By 5DPI, all groups had lower proliferation levels of HepG2 cells with the GFP control
group dropping down to 45.2 % ± 5.8 % of infected cells still proliferating. But compared to the
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control, the experimental groups at 5DPI were still lower in the amount of Ki67-expressing
HepG2 cells. The effect of TF1-GFP and TF3-GFP dropped the amount of proliferating cells to
29.3 % ± 6.1 % and 26.1 % ± 3.7 %, respectively, but the results were not significant when
compared to control (p, n.s., n = 12, one-way ANOVA). On the other hand, TF2-GFP could
significantly downregulated Ki67 in HepG2 cells with only 18.5 % ± 5.0 % of cells still
proliferating (**p < 0.01, n = 12, one-way ANOVA with post-hoc Tukey’s test).
Finally, by 7DPI, the control group and TF1-GFP group decreased slightly to 38.9 % ±
5.1 % and 24.5 % ± 5.1 % proliferation rate, respectively, while TF2-GFP and TF3-GFP both
increased slightly in proliferation rate to 20.2 % ± 5.6 % and 30.1 % ± 4.8 %, respectively.
Statistical analysis at this time point showed no significant difference (p, n.s., one-way
ANOVA). Overall, the trend seemed to show that only TF1-GFP and TF2-GFP had significant
effect on stopping proliferation early on at 3DPI and only TF2-GFP still retained the effect at
5DPI. The amount of proliferating cells was lower in the experimental groups at all time points.
However, by 7DPI, all factors including control decreased the amount of proliferating cells to
less than 50 %. In Figure 3, we showed the immunofluorescent images of Cocktail A
transcription factors and GFP control virus in comparison to Ki67 expression. Figure 3A-C
showed the immunofluorescent images at 3, 5, and 7 DPI for the GFP control group that was
used to perform the PR calculations. Figure 3D-F, Figures 3G-I, and Figures 3J-L present the
images of the GFP signals of TF1-GFP, TF2-GFP, and TF3-GFP across 3, 5, and 7DPI. Finally,
Figure 3M gave the results for the proliferation rate across these three time points. Our data
suggested that the factors appeared to stop proliferation at first, but also implied that by the later
stages of this experiment even the control could stop proliferation in many cells. This could be
due to the AAV2 viral infection that caused changes that activate apoptotic pathways, so further
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experimentation to control for this would be required (Alam et al., 2011). On another note, the
TF2-GFP infection lowered the amount of cells with Ki67 the most, indicating that this may be a
promising factor to halting cancer growth.
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(Figure Caption on Next Page)
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Figure 3: Proliferation Rate of AAV2 virus with GFP reporter for GFP Control and Cocktail A in
HepG2 cells in vitro at 3, 5 and 7 DPI. A-L. Immunofluorescent staining in HepG2 cells at 3, 5 and 7DPI
showing GFP signals (green) versus Ki67 signals (teal) of the GFP control group, TF1-GFP, TF2-GFP,
and TF3-GFP. M. Graphical presentation of PR comparing all four groups at 3, 5, 7 DPI (*p < 0.05, **p <
0.01, n = 12, one way ANOVA with post-hoc Tukey’s test). Scale bar, 50 µm.

Similarly, we wanted to test the effects of our factors on Hep3B cell proliferation. We
infected Hep3B cells with the same viruses and stained for Ki67 expression. In Figure 4A, the
top panel show TF1-GFP infecting Hep3B cells (green); infected cells were indicated by the
yellow arrows and circles. When compared to the bottom panel with the Ki67 image in Figure
4A, the Ki67 signal (teal) had been downregulated. Likewise, Figure 4B and 4C illustrated
similar observations. Large areas of TF2-GFP and TF3-GFP infected cells have completely
downregulated Ki67 expression. Overall, this result implied that our experimental AAV2mediated transcription factors could also stop Hep3B proliferation.

23

Figure 4: Ki67 Downregulation in Hep3B cells in vitro infected with Adeno-Associated-Virus 2mediated TF1-GFP, TF2-GFP, and TF3-GFP delivery. A-C. Hep3B cells infected by transcription
factors with GFP reporter (green signal), TF1-GFP, TF2-GFP, and TF3-GFP, seem to dim Ki67
expression (teal signal) and stop cell proliferation at 7DPI in all experimental groups. Scale bar, 50 µm.

Switching focus to Lentivirus Infection in HepG2 Cells:
Our initial AAV data in HepG2 and Hep3B did not yield a very high infection efficiency.
Thus, we decided to compare AAV with lentivirus and see if the infection efficiency would be
better in the latter. To do so, we compared the empty viral vectors of each kind of virus that
expressed GFP. The data in Figure 5 revisited the AAV serotype in vitro infection in HepG2
cells and compared the infection efficiency with lentivirus infection with GFP reporter (LVGFP). As discovered earlier, AAV5, AAV8, and AAV9 could not express GFP signals very well
in HepG2 cells, but AAV2 could (Figure 5A-D). However, when visually comparing AAV2GFP to LV-GFP, the number of infected cells seemed to be less in the former (Figure 5 E). In
addition, AAV2-GFP infection in vivo had not been successful so far (image not shown), but
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lentiviral infection had been (see In Vivo Infection in Nude Mice). Because the lentivirus could
infect more cells, we decided to switch over to using it as our new gene delivery system. With
the lentivirus, we used transcription factor Cocktail B (TF1-GFP, TF2-GFP, TF3-GFP, and TF4GFP) versus GFP Control for our tests.

Figure 5: Adeno-Associated-Virus Serotypes versus Lentivirus in infection efficiency of HepG2
cells in vitro at 3DPI. A. AAV2 seems to express GFP (green signal) strongly at 3 DPI. B-D.
AAV5, AAV8, and AAV9 do not express GFP signals very well. E. At 3DPI, Lentivirus expression
of GFP appear in more cells than AAV2 infection. Scale bar, 50 µm.

We infected HepG2 cells with Cocktail B along with the GFP control virus to test if there
was any effect on HepG2 proliferation in vitro. In Figure 6A, at 5DPI, we saw that GFP control
had minimal effect on Ki67 expression with most of the areas infected with the control virus still
having high expression of Ki67. However, the other four transcription factors seem to
downregulate Ki67. The areas pointed out by the yellow indications in Figure 6B, 6C, and 6E
showed that TF-1-GFP, TF-2-GFP, and TF-4-GFP, respectively, clearly removed most signs of
Ki67 signal. As for TF3-GFP in Figure 6D, the effect was not as drastic, but when compared to
neighboring cells, the Ki67 signal did seem to be weakened. The results demonstrated that all
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experimental factors may stop HepG2 cells from proliferating. However, the infection efficiency
for the experimental groups did not appear as good and may need further improvements. This
was especially the case for TF3-GFP in Figure 6D.
In addition to this experiment, we also used the same viruses to test Cocktail B on the
expression levels of AFP in HepG2 cells in vitro at 5DPI. In Figure 7A, although some cells’
AFP expression was downregulated, we mostly see how the GFP control group seemed to not
cause any weakening of AFP signal. On the other hand, in Figure 7B-D, all of the transcription
factors could lower AFP expression levels, which were denoted by the yellow indications. One
notable observation in these images revolved around areas of high cell density. This could be
pointed out by the amount of DAPI. In Figure 7B, C, and E, there seemed to be regions with
large amount of cells that formed clusters. These clusters have high AFP expression, but little
GFP expression, implying our viruses were not able to infect into clustered regions. Finally, the
TF3-GFP virus here still showed low infection efficiency. Overall, lentiviral-mediated infection
of these selected factors appeared to lower the amount of cell proliferation and AFP expression
in HepG2 cells in vitro at 5DPI.
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Figure 6: Lentivirus-mediated Expression of TF1-GFP, TF2-GFP, TF3-GFP, and TF4-GFP in HepG2
in vitro could downregulate Ki67 expression when compared to GFP Control at 5DPI. A. The GFP
control group shows the highest infection efficiency as indicated by expression of GFP (green) and with
mostly normal Ki67 expression (red). The yellow arrows point to cells that were infected but show no
downregulation of Ki67. B-E. All of the experimental groups [TF1-GFP (B), TF2-GFP (C), TF3-GFP (D),
TF4-GFP (E)] have GFP infected areas (green) that can cause the downregulation of Ki67 (red), and the
yellow arrows in these groups signify areas of infection that have weakened or no Ki67 expression. Scale
bar, 50 µm.
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Figure 7: Lentivirus-mediated Expression of TF1-GFP, TF2-GFP, TF3-GFP, and TF4-GFP in HepG2
in vitro could downregulate Ki67 expression when compared to GFP Control at 5DPI. A. The GFP
control group have yellow arrows that point to cells infected with GFP (green) where AFP expression (red)
is expressed normally. B-E. The experimental groups [TF1-GFP (B), TF2-GFP (C), TF3-GFP (D), and TF4GFP (E)] show that GFP infected areas (green) have lower levels of AFP expression (red), which are
represented by yellow indications. Scale bar, 50 µm.
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Transfection of HepG2 affecting AFP and Ki67
After testing our factors with viral infection, we also wanted to see if the plasmids of our
selected transcription factors can cause the same or better results when we transfected them. We
transfected Cocktail B along with the GFP control in HepG2 cells and stained them against Ki67
and AFP and took images 3 days post transfection (DPT). In Figure 8A, the GFP control group
have yellow arrows that indicate cells that downregulate Ki67 expression and blue arrows for
cells that did not affect Ki67; there appeared to be more yellow arrows than blue. This meant that
by simply transfecting the HepG2 cells with the GFP control virus, the Ki67 signal went down.
In Figure 8B-E, we saw that in most cases, there were more yellow arrows than blue, which
indicated that all four experimental groups including the control can downregulate the Ki67
signal.
Looking at Figure 9A, we see a similar result. The GFP control group have more infected
cells downregulating AFP expression than not having any effect. This goes against what the GFP
control should do, which would be to not affect AFP signaling. Moving on to Figure 9B-E, the
results show that the experimental groups also mostly downregulate AFP signal.
Based off the results in Figure 8 and Figure 9, the transfection data appeared to illustrate
that the GFP expression in all groups, control and experimental, could weaken the signals of
Ki67 and AFP. This brings to question whether our factors could even inhibit HCC development
since it clearly showed that by just getting tranfected with GFP could cause the inhibition; it may
refute our previous infection findings. On the other hand, the infection data did not show that
GFP control infections can cause downregulation of Ki67 and AFP. As so, a more likely
explanation would be that the act of transfection caused some changes in the cells to stop Ki67
and AFP expression.
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Figure 8: Transfection of both GFP Control and Cocktail B in HepG2 cells in vitro 3DPT
decreased Ki67 expression. A. In the GFP control group, GFP signals (green) are in more cells that
could downregulate Ki67 expression (red), which were indicated by yellow arrows, than in cells that had
no effect (indicated by blue arrows). B-E. The experimental groups [TF1-GFP (B), TF2-GFP (C), TF3GFP (D), and TF4-GFP (E)], also have more transfected cells that could downregulate Ki67 (yellow
arrows) than not (blue arrows). Scale bar, 50 µm.

30

Figure 9: Transfection of both GFP Control and Cocktail B in HepG2 cells in vitro 3DPT decreased
AFP expression. A. The transfection in the GFP control group have more cells transfected with GFP
(green, indicated by yellow arrows) that can weaken AFP expression (red, indicated by blue arrows). B-E.
This observation can be seen in the rest of the experimental groups [TF1-GFP (B), TF2-GFP (C), TF3-GFP
(D), and TF4-GFP (E), where most of the transfected cells downregulate AFP expression (yellow arrows).
Scale bar, 50 µm.
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In Vivo Infection in Nude Mice:
With our lentivirus-mediated transcription factors, we decided to infect them into HCC
tumors created through the subcutaneous injection of HepG2 cells in nude mice and see if our
factors have any effect on inhibiting HCC in vivo. (Previously, we tried this with AAV2
infection, but did not achieve any successful expression of GFP signal—image not shown.) We
created two sets of tumors that expressed GFP decently after infection. One group was infected
with the GFP control virus while the other group was infected with Cocktail A (TF1-GFP, TF2GFP, and TF3-GFP) to see the combinatorial effect of this triple factor approach. In Figure 10A,
the image shows a 20x magnification of the tumor infected with GFP control virus; the dotted
box illustrated the field of the 40x magnification image in Figure 10B. In these two views, we
saw that the GFP signal in the control group had a mixed effect on AFP expression with a few
cells downregulating AFP and a few cells that did not. On the other hand, Figure 10C showed the
20x infection of Cocktail A, while Figure 10D presented the 40x magnification image. The
Cocktail A experimental group appeared to downregulate AFP effectively in areas that were
infected. However, the AFP-view in Figure 10D showed a large portion that did not express
AFP, but also did not get infected by the triple factor. As a result, we could not draw any
conclusions on the effects of our transcriptional factors in vivo. The infection efficiency was too
low and only with more infected cells could we see a more drastic effect.
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Figure 10: Effect of in vivo Cocktail A Lentivirus Infection versus GFP Control on AFP expression
in HepG2 tumor. A. GFP control virus infection of GFP (green) in HepG2-derived tumor at a 20x view
showing low infection efficiency and indiscernible effect on AFP expression (red). B. An enlarged view
of a region of interest demarcated in (A) for the GFP control group showed that some cells stopped AFP
expression (yellow arrows) while others did not (blue arrows). C. Cocktail A infection in HepG2-derived
tumor at 20x view showing low infection efficiency and some effect on downregulation AFP expression.
D. An enlarged view of a region of interest demarcated in (C) of Cocktail A infection showing a large
amount of infected cells downregulating AFP expression (yellow arrows) while only one infected cell
showing no effect (blue arrows). However, there appeared to be low AFP expression in areas without
infection as well, rendering the experimental results inconclusive. Scale bars, 50 µm (A & C). Scale bars,
20 µm (B & D).
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The same experiment was carried over on the same tumor slices to test the effects of
Cocktail A on Ki67 expression levels. In Figure 11, the infection efficiency when compared to
the previous in vivo images seemed to be a little higher. Figure 11A shows the 20x view of the
GFP control infection; the infected area was quite small, but when looking at the Ki67
expression, it did not downregulate the proliferation marker. Figure 11B showed the 40x
magnification of the white dotted-box view from the 20x image. When zoomed in to this 40x
magnification, however, the image actually showed that some cells were getting downregulated.
On the other hand, for Figure 11C, the 20x image of the triple factor infection initially
showed no signs of Ki67 downregulation. But when zoomed in to 40x magnification, in Figure
11D, a lot of the GFP signaling were actually clustered around areas of weaker Ki67 expression
(indicated by yellow arrows). The Ki67 signal was not totally eliminated in areas infected with
GFP from the triple factor, but compared to neighboring cells, they looked dimmer. In the midst,
there were still some cells in the experimental group that were not affected by the GFP signal
from the triple factor (indicated by blue arrows).
On the whole, the in vivo data showed mixed results. The AFP-stained tumor slices in
Figure 10 had very little GFP signals in both control and experimental groups, but there seemed
to be a little bit more signals in the Ki67-stained slices. This could indicate that infection in the
tumor may vary from slice to slice or even from field to field. Furthermore, we could not say
whether or not the GFP control had no effect or could downregulate the cells, nor could we find
any definite conclusion in the experimental group. Both sets of data demonstrated possibilities of
AFP and Ki67 downregulation, but without a higher infection efficiency to show more drastic
changes, the results right now are inconclusive.
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Figure 11: Effect of in vivo Cocktail A Lentivirus Infection versus GFP Control on Ki67 expression
in HepG2 tumor. A. GFP control virus infected in HepG2 tumor slices at 20x magnification. The GFP
signal (green) appear to not have any effect on Ki67 signals (red). B. An enlarged view of a region of
interest demarcated in (A) of the GFP control virus infection. The zoomed in view highlights infected
cells that have no effect on Ki67 (indicated with blue arrows) and cells that cause Ki67 downregulation
(indicated by yellow arrows). C. The triple factor infection, Cocktail A, showed no effect on Ki67
downregulation. D. An enlarged view of a region of interest demarcated in (C) of the triple factor
infection that showed cells that have Ki67 downregulated (yellow arrows) and cells that did not (blue
arrows) when infected with the transcription factors. Scale bars, 50 µm (A & C). Scale bars, 20 µm (B &
D).
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Chapter 4
Discussion
Our study demonstrated that through AAV2- or lentiviral-mediated infection of our
selected transcription factors (Cocktail A and B), the signals for Ki67 and AFP in both Hep3B
and HepG2 HCC cell lines may have been downregulated in vitro. For AAV2 tests in HepG2
using Cocktail A, the infection efficiency was not significantly different compared to the control
groups and not that high as well, ranging only around 20-25% efficiency. But for proliferation
rate, the data showed that there was significant difference when compared to the control group
initially for TF1-GFP and TF2-GFP at 3DPI and TF2-GFP at 5DPI. No significant effect in
proliferation rate was seen in any groups of Cocktail A at 7 DPI. The amount of cells
proliferating in the experimental groups ranged from around 20-30% while the GFP control was
much higher at about 45%. In addition, visually the images for Hep3B showed some Ki67
downregulation as well when infected by Cocktail A transcription factors.
The AAV data was further supported by the lentivirus experiments, which used Cocktail
B transcription factors. The experimental groups, TF1-GFP, TF2-GFP, TF3-GFP, and TF4-GFP
may cause not only Ki67 downregulation, but also diminish the levels of AFP signal while the
control group did not seem to affect these two cancer biomarkers.
However, when moving to the in vitro transfection data, the results seemed to counter the
previous data. All groups, even the control, could downregulate Ki67 and AFP expression. In
addition, the transfection data with GFP signals that downregulate Ki67 appeared to still be
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going through the cell cycle as many of the cells were paired (Figure 9). So the transcription
factors with GFP reporter did not really appear to stop proliferation despite lowering of Ki67
signaling.
Finally, the in vivo data demonstrated that lentivirus infection could cause the expression
of GFP when previous tests using AAV2 infection could not. However, the effects were not
apparent and not consistent with the hypothesis that our transcription factors can weaken Ki67
and AFP signaling.
Overall, through this study, the results revealed that there may be some effect to our viral
infection approach for HCC treatment in vitro, but more has to be done to improve the
transfection and in vivo experiments.

Future Focuses and Improvements:
One of the major concerns we have on the experiments revolved around infection
efficiency. Through these preliminary data, we demonstrated that infection efficiency was not
that high in AAV2, but may be better in lentivirus. But how high is it in lentivirus? A
quantification of how effectively lentivirus can infect the cancer cell lines is warranted.
Somehow we have to increase the viral infection efficiency as well as transfection efficiency in
in vitro and in vivo experiments. In a previous study, a group of researchers used lentivirus that
could express GFP signals and transduced many different cell lines. The cell lines they used for
their experiments had non-dividing cells and dividing cells, including HepG2, which had up to
95% efficiency (Masoud et al., 2014). In addition, another study also suggested that the type of
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promoter used in the lentiviral vector may also effect the efficiency of the infection (Gerolami et
al. 2000).
On the other hand, our AAV2 model may still be promising as well and if the infection
efficiency can be improved, then using AAV will be viable for this kind of treatment. So far our
study shows that lentivirus may have a better infection efficiency in delivering the genes of
interest when compared to AAV. Another research group had also confirmed this through their
investigation when comparing AAV versus lentivirus in lung cancer therapy (Chen et al., 2013).
However, although lentivirus may have better infection efficiency, it may not be the best viral
vector when considering human health. In previous reports, researchers have compared the
difference between AAV versus lentiviral models. One group studying neurological diseases
have noted that AAV vectors were not pathogenic, had minimal effect in inducing mutagenesis,
and had long-lasting gene expression after delivery. But for lentivirus and other retroviral
groups, they noted that although these groups can also effectively deliver the genetic material
into the host cells for extensive periods, they were more prone to oncogenesis (Simonato et al.
2013). An earlier group also found similar findings. They compared AAV8 and AAV9 with
lentivirus in delivering cardiac genes for hemophilia B gene therapy and found that AAVmediated transport has lower levels of pro-inflammatory risk when compared to lentiviralmediate delivery (Vandendriessche et al, 2006). From these conclusions, one can see that going
with AAV may be a more promising route for gene delivery, especially when considering this
kind of therapy for human trials later on. Therefore, exploring ways to enhance AAV expression
may not only be crucial for this study, but also for future gene therapy of other diseases as well.
Luckily, researchers have already noted this vital issue and have reported ways to do so.
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Nonnenmacher et al. had published a paper in 2012 that offered ways to increase AAV2
infection efficiency through various drug treatments, protein expressions, and mutations.
On another note, transfection has also been a problem in terms of the control group
causing Ki67 and AFP downregulation, possibility of apoptosis, and transfection efficiency. The
GFP-expressing cells in the transfection images illustrate downregulation of both biomarkers in
all groups. However, despite lowering of the Ki67 marker, the cells still seem to be proliferating
since a lot of the cell nuclei are paired with another. We need a better way to confirm if
proliferation is happening or not since the current transfection results show a mix of both.
Bromodeoxyuridine (BrdU) is a nucleotide analog that can be administered for proliferating
cells, and it is incorporated strictly in cells that duplicate their DNA when undergoing the Sphase of the cell cycle. It has previously been used to study the activity of urinary cancer and
proved to be comparable to Ki67 in detecting cellular proliferation (Limas et al., 1993). In
addition, in more recent years, phosphohistone H3 (PHH3) was also implicated to be a great
indicator of proliferation in stage I and III melanomas (Nielsen et al., 2015). Just like how BrdU
is confined to only the S-phase for incorporation, PHH3 is restricted to expression only when
cells are in four of the mitotic stages and G2 stage of the cell cycle. In addition, they believe
PHH3 to be a strong independent marker when compared to Ki67 in hot spots or areas of with a
high rate of mitosis (Nielsen et al., 2015; Limas et al., 1993). Overall, implementing additional
factors to check for proliferation may offer a better perspective on the effects of our transcription
factor after transfection.
On another issue, we believe that our transfected HepG2 cells may actually be going
through apoptosis rather than stopping proliferation. Thus, we need to carefully control for that
and see if transfection actually causes cell death. One way to do this will be to test for apoptosis

39

factors when doing the transfection. Caspase-3 is a known marker for apoptosis; it is a cell death
protease that depends on mitochondrial cytochrome c release and caspase-9 activation, which
can lead to loss of cell viability (Porter et al., 1999). Another marker, CD40, a tumor necrosis
factor receptor, is tied in with caspase-3 activation and can induce apoptosis in carcinoma cells
(Eliopoulus et al. 2000). It has even been implicated to correlate with liver disease in that with
higher levels of CD40 in serum there seems to be more apoptosis as well (Schmilovitz-Weiss et
al., 2004). By testing some apoptotic markers, it may become more clear if transfection is
actually stopping proliferation or if the cells are dying.
Finally, increasing the efficiency of transfection is another goal that must be obtained to
get a better understand of the effects of transfection. The gold standard for making a non-viral
carrier uses polyethyleneimine (PEI) because it can enable high levels of transfection efficiency
(Lazarus et al. 2016). We currently use PEI, but something appears to be lacking since our
efficiency was not that high. Recent papers have found improvements to PEI. In 2013, Shen et al.
provided a different molecular mimic to the standard PEI method that changes the amine
composition, and found that it has a higher transfection efficiency than the gold standard. In
addition, another research group also modified PEI by coating it with gold nanoparticles to
produce transfection with greater transgene activity (Lazarus et al. 2016). These are just some of
the advancements that could help with transfection, and with some refining by diving further into
literature search, we may improve our transfection methods to produce higher efficiency.
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Current Treatments and Our Goals:
In a 2011 study, Bruix et al. have reported the current technologies that are being
implemented for HCC treatment. Depending on the stage of development, a number of
procedures can be done. These treatments are split into two broad categories: curative and
palliative. The former can rid the patient of the disease and proves to be most effective while the
latter is used for more advanced stages and serves to control for any further progression.
Curative treatments include resection of tumor, liver transplants, and use of
radiofrequency ablation, and are useful when the cancer resides in the early stages of
development. However, these are not enough to tackle the widespread of HCC. A paper in 2012
did an observational study on how well curative treatments perform for early HCC developers.
They reported that only 70% received a curative treatment (Kanwal et al., 2012). In addition, two
other studies showed that only 21% of patients with non-metastatic HCC got liver transplants
(Siegel et al., 2008), and only 34% of Medicare patients with single lesions—sign of HCC—got
curative therapy (El-Serag et al., 2006). Furthermore, in the latter study, the researchers also
mentioned that with a transplant, the longest survival rate was 852 days while all other
treatments or no treatments were way short of this value (El-Serag et al., 2006). These numbers
not only highlight the under-utilization of curative procedures, but also how these potentially
curative methods are not so effective in prolonging cancer life. These procedures are also highly
invasive, which raises the concern of whether to take the risk to get the treatment at all.
On the other hand, palliative treatments include transarterial chemoemobolization
(TACE). TACE is the intra-arterial injection of chemotherapeutic drugs into the body to attack
the cancer, but has major side-effects that range from fevers to chronic liver failure (Vogl et al.
2007). Chemotherapy is essentially injecting patients with a chemical concoction to fight off
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cancer cells, but may not discriminate between healthy and malignant cells. As so, through the
use of chemotherapy, patients are putting their own bodies through a lot of stress with the
outcomes of curing the disease being very slim. As stated in Vogl et al. 2007, through TACE,
patients can control the disease locally in 15-60% of the times and have a 5-year survival rate of
8-43%, which are pretty low chances.
The goals through this study aims to counter some of the faults of current treatments.
Through gene therapy, we hope to induce the cancer cells to become less malignant and take on
more of a normal hepatocyte function. By doing so, we eliminate the chances of killing any cells,
which may be less harmful on the body. We wish that the only surgical insertion needed will be a
single needle injection instead of large-scale operations. In addition, by using viral vectors, we
hope to cast a wider net and cover a larger amount of cancer cells for genetic fate conversion.
However, at this stage we are only at the inception of this goal. More time, effort, and discovery
are needed in the future to make this objective come true.
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Appendix A
Supplemental Information

Equation 1:

𝐼𝐼𝐼𝐼% =

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝐺𝐺𝐺𝐺𝐺𝐺 + 𝑇𝑇𝑇𝑇)
∗ 100
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)

Equation 2:

𝑃𝑃𝑃𝑃% =

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐾𝐾𝐾𝐾67 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶)
∗ 100
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝐺𝐺𝐺𝐺𝐺𝐺 + 𝑇𝑇𝑇𝑇)

Table 3: Antibody List

Primary Antibody

Dilution

Source

chicken-GFP

1:1000

AVEN

rabbit-Ki67

1:600

ABCam

rabbit-AFP

1:500

ABCam

Secondary Antibody

Dilution

Source

anti-chicken Alexa Fluor 488

1:1000

Invitrogen

anti-mouse Alexa Fluor 594

1:1000

Invitrogen

anti-rabbit Alexa Fluor CY3

1:1000

Invitrogen

Table 3: Antibody List
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