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ABSTRACT:
AKT/PKB is a well-established regulator of diverse cellular functions such as cell signalling,
proliferation, transcription and apoptosis. There are three AKT isoforms (AKT1, AKT2 and
AKT3) expressed from three separate genes but with high homology. The functions of the
isoforms vary between different tissues and tumors in a way that is not yet completely
understood. We have studied the importance of the different AKT isoforms in response to
radiation in a colorectal cancer. The colorectal cancer cell line DLD-1 expresses AKT1 and
AKT2, but not AKT3 which is believed to be a tumor suppressor. Genetic knockouts of
AKT1-/-, AKT2 -/- and double knock-out of AKT1-/- and AKT2-/- all had effects on cell
proliferation and DNA double-strand break (DSB) rejoining in low serum media, after the
exposure to radiation. The largest effect was seen in the double AKT1 and AKT2 knock-out
cells. We have also studied the interaction between the AKT isoforms and the DNA repair
proteins DNA-PKcs and MRE11 that are involved in the Non-Homologous End-Joining of
double strand breaks caused by radiation. Interestingly, reduced levels of MRE11 were
observed in the single AKT1-/- or AKT2-/- knock-out but not the double AKT1 and AKT2
knock-out. Furthermore, down-regulation of the DNA-PKcs gene (PRKDC) by transfection
with small interfering RNA (siRNA) increased the radiation sensitivity by reducing the DNA
repair rate after radiation in the AKT knock-out cell lines. Hence inhibitors of both AKT
isoforms in combination with a DNA-PKcs inhibitor could be a promising treatment for
patients undergoing radiation therapy.

Importance of AKT isoforms and DNA-PKcs in response to radiation in colorectal
cancer cells
Popular Science Summary
P. Naga Prathyusha
Colorectal cancer occurs due to mutations or uncontrolled growth of cells in the colon, rectum
or in the appendix region of the human intestine. Cancer can be treated by surgery,
chemotherapy, radiation or with combinations of treatments, meant to improve the quality of
life of the patient. Survival rates of patients depend on the type of the treatment given to them
as well as stage, location and type of the cancer at hand. Radiation therapy is one of the
alternative treatments used mainly to treat rectal cancer but also colon cancer to some extent.
Radiation induces ionization of DNA molecules, by X-rays or γ-rays, either directly or
indirectly result in DNA single or double strand breaks in cancerous cells. If these cancer cells
lack DNA repair proteins, like DNA-PKcs and MRE 11, cells undergo severe DNA damage
which results in cell death due to inability to repair the damaged DNA.
Cellular responses to DNA damage are complex and rely on several mechanisms to protect
the cell from severe DNA damage. DNA-PKcs and MRE 11 are essential DNA repair proteins
involved in the repair of DNA double strand breaks through Non-Homologous End Joining
(NHEJ) and Homologous End Joining/Homologous Recombination (HEJ/HR) pathways.
AKT/PKB (Protein Kinase B) proteins act as well-established regulators of cell survival and
proliferation but also interplay with DNA repair. AKT exists in three distinct isoforms that
exhibit distinct protein expression patterns and functional characteristics relative to cell
proliferation and metabolism when comparing different organs. Absence of either one of the
AKT isoforms in a given cell type alters its cellular mechanisms. This project was mainly
focused on DLD-1 colorectal cancer cells and genetic knockouts of two AKT isoforms. Thus,
AKT1 -/-, AKT2 -/- and AKT1 -/- AKT2-/- double knockouts were used to study the sensitivity
of these cells in response to radiation. It was also interesting to study the interplay with other
cellular processes in these cells by also down regulating DNA-PKcs and then growing cells
under low serum substituted medium conditions.
Thus this project gave insight into how both AKT isoforms and DNA-PKcs were important
for cell survival by way of DNA r epair in the cells subjected to radiation. Their potential
inhibition could thus be a promising future treatment for patients undergoing radiation
therapy.
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ABBREVATIONS:

AMP

Adenosine Mono Phosphate

ATM

Ataxia Telangiectasia Mutated

cAMP

cyclic AMP

DNA

Deoxyribonucleic acid

DNA-PKcs

catalytic subunit of DNA dependent Protein Kinase

DSB

Double Strand Break

EGF

Epidermal Growth Factor

EGF

Epidermal Growth Factor

FBS

Fetal Bovine Serum

HEJ/HR

Homologous End Joining/Homologous Recombination

IGF

Insulin-like Growth Factor

IGF

Insulin-like Growth Factor

mTOR

Mammalian Target of Rapamycin

NHEJ

Non Homologous End Joining

PDPK 1

Phosphoinositide Dependent Protein Kinase 1

PDPK 2

Phosphoinositide Dependent Protein Kinase 2

PFGE

Pulsed Field Gel Electrophoresis

PI3K

Phosphoinositide 3-Kinase

PIP 2

Phosphatidylinositol (3, 4)-bis phosphate

PIP 3

Phosphatidylinositol (3, 4, 5)-trisphosphate

PKB/AKT

Protein Kinase B

RNA

Ribonucleic Acid

siRNA

small interference RNA
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1.0. INTRODUCTION:
1.1. Colorectal cancer:
Colorectal cancer is the third most common type of cancer1. It occurs due to uncontrolled
growth of cells in the colon, rectum or in the appendix region. The occurrence of cancer could
be due to mutation or over expression of genes in a cell leading to unregulated cell cycle
mechanisms in turn disturbing other cellular functions. The uncontrolled cell growth seen
from the inner layer of colon and rectum projects towards the other layers, as colon and
rectum are made of several layers. The grading of the cancer is based on having cancer cells
project/spread between the layers2. Symptoms of the disease primarily depend on the location
of the tumour in the bowel region1,2. Even though the colon and rectal cancers have several
common features, the choice of treatment depends on its location and the stage of it.
1.2. Colorectal cancer treatment:
Treatment of colorectal cancer relies on several factors like patients general health condition,
type of cancer, stage of cancer. The application of several alternative treatments were done
considering the early or advanced stage of cancer in the patient and based on the ability of the
patient to respond to that particular treatment. Early stage of cancer is easily curable but, in
advanced conditions treated by chemotherapy to improve the quality of life. However, the
most commonly used cancer treatment is removal of the tumour subsequent to its stage of
development in the patient by surgery either with chemotherapy/ radiation or in combination
of both the treatments depending on the stage of the cancer1,2. Surgery is usually done as the
main treatment for rectal cancers along with other treatments like chemotherapy and radiation
either before or after the surgery but its considered as the main treatment in colon cancers
only during its early stages2. The survival rates of the people with colon cancer were different
from people with rectal cancer 2. Overall survival rate is from 5 to 10 years1 after the cancer
was diagnosed and found in patients whereas increased survival rates are seen depending on
the treatment given to the patients.
1.2.1. Radiation therapy:
Radiation therapy is one of the alternative treatments used to treat colorectal cancer1,3.
Radiation induces ionization of DNA molecules either directly or indirectly resulting in
damaged nucleotide bases, single strand or double strand DNA breaks. Radiation therapy is
applied to control cell growth and treat cancerous tumours, as tumour cells express altered cell
functions like apoptosis; cell growth, cell cycle control and DNA repair responses irrespective
to their regular cellular functions. In case of tumour cells due to altered DNA repair responses
in the cells, they become sensitive to radiation leading to reduced cell survival and cell death.
In case of susceptible cancers radiation therapy can be combined with chemotherapy to
improve the quality of life1. Radiation treatments are majorly done in people with rectal
cancers either before or after the surgery to prevent cancer coming back again or to destroy
the cancer cells without damaging the normal tissue regions. This method of radiation
treatment also done in colon cancer patients to destroy the cancer cells which were not
removed during the surgery like cancer cells lining the stomach, spread to bones in its
advanced conditions2. Usually treatment with radiation takes few minutes but positioning the
7

location of the treatment in the patient’s body without a heavy damage to the normal tissue
takes several hours. The two types of radiation treatment used to treat cancer in colorectal
cancer patients are
•
•

External beam radiation therapy
Internal radiation therapy

The two methods of radiation treatment differ from each other as a machine is placed outside
the body in external beam radiation therapy focusing on the cancer region in the patient’s
body. This is a time taking method which consumes a lot of time to setup the machinery and
location of treatment in patient’s body. An advanced approach of this external beam radiation
therapy to treat rectal cancer is by inserting a small radiation device through anus towards
rectum without damaging other tissue. In case of internal radiation therapy, small seeds or
pellets of radioactive material kept in the nearby tissue or at the cancer region. This treatment
of colorectal cancer with radiation results in several side effects like nausea, tiredness, bladder
irritation and diarrhoea but many of these side effects could be reduced or relieved eventually.
1.3. DNA damage response:
Cellular responses to DNA damage is a complex set of mechanisms (Figure 1) and relies on
several protective responses to counteract the harmful effects of DNA damage. When cells are
exposed to radiation or other environmental factors, it results in the occurrence of double
stand breaks in DNA, giving rise to cytotoxic lesions. Cells undergo DNA repair pathways
through NHEJ (Non Homologous End Joining) or HEJ/HR (Homologous End
joining/Homologous Recombination) to repair damaged DNA for its proper cellular functions
to be reestablished. In spite of having a homologous template the repair of DNA double stand
breaks by ligation directly at its DNA break ends without the need of sister chromatids
defined as NHEJ4. Whereas in HEJ, a homologous template is needed for the repair of
undamaged homologous DNA stands5.
DNA-dependent Protein Kinase, catalytic subunit (DNA-PKcs) is an essential DNA repair
protein required for the repair of ionising radiation-induced double-strand breaks (DSB)
through the NHEJ repair pathway6. DNA-PKcs is also involved in the phosphorylation of
proteins that are involved in DNA damage check points along with other PI3K related
kinases, ATM and ATR.
MRE 11 is a double stand break repair protein involved in the joining of DNA double strand
breaks by forming a MRN complex4 with Rad50 homolog and Nibrin5. The protein MRE 11
plays a crucial role in the repair of DNA double strand breaks either by homologous
recombination7 or by non-homologous end joining8. Several other vital functions of MRE 11
protein includes meiotic recombination, activation of cell cycle check points along with other
proteins and in the formation of double strand breaks along with a catalase protein named Spo
117. Mutations in MRE 11 complex such as hypomorphic mutations results in genetic
instability disorders in humans.
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Figure 1: Overview of key players and various cellular responses to DNA double strand (d.s.)
breaks and the repair pathways involved in order to mend these d.s. breaks. Shown is also the
interplay of these mechanisms with common growth factor induced signalling pathways for
cell survival, proliferation, etc. For further details see running text – mainly sections 1.3. and
1.4.
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1.4. PI3K/AKT cell signalling pathway:
AKT/PKB exists in three distinct isoforms9,10 as AKT 1 (AKT α), AKT 2 (AKT β) and AKT 3
(AKT γ), from three different chromosomes, exhibiting varied functions and expression
patterns in different organs and tumours11,12. Data from previous studies shows that these
AKT isoforms are located at different subcellular locations9 as AKT 1 in cytoplasm, AKT 2 in
mitochondria (also partly seen in nucleus) and AKT 3 at nucleus9. Authors suggested from
their findings that AKT 1 absence causes improper IR-induced DNA repair in cells eventually
leading to cell death13,14 whereas AKT 3 could act as tumor suppressor gene11 (where it
absence could result in up regulated DNA repair mechanism). Though each AKT isoform has
extensive sequence similarity but they exhibit their own unique functions which differ from
each other9. Hence it is interesting to study these isoforms in terms of radiation sensitivity to
cell viability, DNA repair and cellular signalling.
Previous studies suggest that activation of AKT occurred by the activation of Mre 11, ATM
irrespective of PI3K pathway leading to the double strand break repair through NHEJ
pathway15. AKT is a vital protein responsible for the cell survival during the regulation of
gene expression by inhibiting apoptosis. Activation of AKT is tightly controlled and
stimulated in a Phosphatidylinositol 3-Kinase (PI3K) pathway16. AKT may also be possibly
activated in PI3K independent manner by the cAMP elevating agents or protein kinase A with
the stimulation induction by insulin or growth factors in the mTOR pathway10. PDPK 110 and
PDPK 2 are involved in the phosphorylation of AKT at two different phosphorylation sites,
Thr308 and Ser 473 respectively13.
PDPK 1 is a known protein which phosphorylate AKT at Thr 308 whereas the PDPK 2 is an
unknown protein or proteins which phosphorylates AKT at Ser47317. However, in some cells
mTOR10, MRE 1115, DNA-PKcs18 seems to exhibit the function of PDPK 2. Activated AKT
results in the upregulation of cyclin dependent kinase inhibitor, p21 r esulting in cell cycle
arrest thereby protecting cancer cells from apoptosis with an enhanced cell survival ability
making tumour cells resistant to radiation and drug treatment14.
1.5. Aim of the study:
The overall aim of this study was to understand the regulation of protein expression, DNA
repair and radiation sensitivity in colorectal cancer cells DLD-1 (parental, P) as well as in its
genetic knockouts (AKT 1-/-, AKT 2-/- single gene knockouts and AKT 1-/- AKT 2-/- double
knockout). The importance of DNA-PKcs for the activation of AKT in response to DNA
repair and cell survival in these cell-lines were investigated by using siRNA targeting against
PRKDC (the gene for DNA-PKcs). Throughout the experiments, the cells were exposed to
cell culture media with low serum content to reduce growth factors.
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2.0. MATERIALS AND METHODS:
2.1. Cell Culture:
The colorectal cancer cell line DLD-1 and their genetic knockouts (AKT1-/-, AKT2-/- and
AKT1-/- AKT2-/- double knockout) were cultured in McCoy’s 5A medium (Biochrom AG)
supplemented with PEST (penicillin 100IU/ml and streptomycin 10µg/ml) (Sigma), 2mM LGlutamine (Sigma) and 10% or 0,5% Fetal Bovine Serum (FBS). In experiments performed in
0,5% FBS cells were first grown in 10% FBS for at least 24 hours and thereafter rinsed with
1XPBS before adding the 0,5% FBS serum for further experimental use (like PFGE,
Clonogenics assay and Western blot analysis).
2.2. siRNA transfection to down regulate DNA-PKcs:
The siRNA transfection assay (Dharmacon) was performed to down regulate a specific gene
of interest with a predesigned siRNA (PRKDC) mixed with the transfection medium (no1).
Calculations and dilutions of siRNA from 20M stock solution were made in 1XsiRNA buffer
(Dharmacon) and RNase free water by following the standard protocols to achieve a final
concentration of 25nM in each flask/dish. Cells were seeded in antibiotic free medium 24
hours before performing transfections. Diluted siRNA (both targeted and non-targeted) as
tube 1 a nd the calculate amount of transfection medium, Dharma FECT reagent 1 ( Thermo
Scientific) as tube 2 were mixed with empty Mc Coy’s A medium in separate tubes. After 5
minutes of incubation the tube 1 of both targeted and non-targeted siRNA mixed with tube 2
respectively and allowed in hood to incubate for 20 minutes followed by the addition of pest
free medium to the mixture. The antibiotic free medium in the dishes/flasks were replaced
with the transfection medium and incubated at 37oC with 5% CO2. To achieve maximum
efficiency of transfection the cells were used for further experimental procedures three days
after transfection.
2.3. Western blot analyse to detect specific proteins of interest:
Cells were grown in a 3 cm dishes and cultured for at least three doubling times before
exposing them to reduced serum starvation or radiation. When cells reach about 65-70%
confluence, they were rinsed with PBS and then exposed to growth medium containing 0.5%
FBS for 20 hour s. The cells were exposed to radiation (0 or 6 Gy) After one hour after
radiation, the irradiated and non-radiated cells were rinsed in ice cold PBS followed by the
addition of Lysis buffer [1% Tween-20, 20mM Tris (pH 8.0), 137 mM NaCl, 10% Glycerol,
2mM EDTA, 1mM activated sodium orthovanadate at 95oC (Na3VO4), Protease inhibitor] and
incubated on i ce for 30 m inutes. The cell lysates were centrifuged at 14000 r pm around 15
minutes and the supernatant was transferred to new tubes at 4oC. Equal amounts of protein
samples mixed with LDS-sample buffer (Invitrogen) loaded in a NuPAGE 4-8% Tris Acetate
gels (Invitrogen) and allowed to run at 150V. Afterwards the proteins were transferred to a
PVDF membrane (Millipore) through wet transfer in the transfer buffer (1XEB (30.3g Tris
amino methane + 144.1g Glycine made upto 1L in dH2O to make 10XEB) 20%MeOH). The
membrane was blocked for 1 hou r in 5% Bovine serum Albumine, BSA (Sigma), (PBS-T)
PBS-1%Tween 20 ( Sigma) and then incubated with primary antibodies in 1% BSA, PBS-T
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for 2 hours. After washing 3times for 5 minutes in PBS-T the membrane was incubated for 1
hour in secondary antibodies diluted in PBS-T at room temperature. Finally the
immunoreactive bands were visualized in CCD camera (Fujifilm) after treatment with
chemiluminescent solution (Millipore) for 5 minutes. The intensity of the bands obtained was
compared with Beta-actin band and analyzed using Image J software.
List of primary and secondary antibodies used are
•
•
•
•
•
•
•
•
•

AKT 1 – Santa Cruz Biotechnology – SC-55523, Lot no#K0409 – Mouse – 1:500
AKT 2 -- Santa Cruz Biotechnology – SC-5270, Lot no#L3010 – Mouse – 1:500
DNA-PKCs – Abcam – ab1832 – Mouse – 1:1000
MRE 11 – Transduction Laboratories – M92920, Lot 1 – mouse – 1:1000
pSer475 – Cell signalling Technology – Pro.no.#9271L – Rabbit – 1:1000
pThr308 – Cell signalling Technology – Pro.no.#2965S – Rabbit—1:1000
β-actin – Sigma – Pro.no.#A5441 – Mouse – 1:1000
α-Rb Goat antibody – Invitrogen – REF-65-6120, Lot no. 715703A
α-Mouse Goat antibody – Invitrogen – REF-626520, Lot no. 895492A

2.4. Clonogenic assay:
2.4.1. Background:
Clonogenic cell survival assay (also called the colony formation assay) was performed to
evaluate the ability of a single cell to proliferate into a colony. The assay was performed in
colorectal cancer cells DLD-1 Parental cells and in its genetic knockouts (AKT 1-/-, AKT 2-/-,
AKT 1-/- AKT 2-/- double knockout). Single cell suspensions were made and treatments were
done before platting cells into the petri dishes/culture flasks for all the cell lines. Higher
radiation doses causes a heavy risk of cell survival on platting less amounts of cells as platted
for the non-radiated petri dishes/flasks. Hence an increased calculated amount of cells were
platted as single cell suspensions in petri dishes/flasks which are to be radiated further. The
colonies that were arise from the seeded single cell contains around 50 c ells in each, the
number of colonies were counted and calculated to explain the platting efficiency and survival
fraction of the cells in each cell line 12. The survival fraction (SF) of the radiated cells was
calculated by the use of calculated platting efficiency. Platting efficiency (PE) of the cells was
calculated with the use of number of colonies formed in non-radiated controls which is
nothing but the number of cells platted that grows into a colony.
No. of colonies formed
P.E =
No. of cells seeded
No. of colonies formed after irradiaiton
S.F. =

X P.E.
No. of cells seeded
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2.4.2. Procedure:
By using standard protocol, clonogenic assay was performed to study the effect of cell
survival when exposed to reduced serum substituted 0.5% FBS growth medium. When cells
reach 70-75% confluence, they were trypsinized followed by cell counting in Z2 Coulter
Counter Analyzer (Beckman Coulter, FL, USA) and cells were seeded adjusted to plating
efficiency (200-3200 cells for non-radiated and 2000-32000 cells for irradiation at 6 G y
radiation dose) in 10% FBS growth medium. After growing cells overnight in incubator at
37oC with the supply of CO2, 10% FBS growth medium replaced with 0.5% reduced serum
substituted growth medium and exposed to radiation after 20 hour s and kept back in
incubator. After 10-12 days of growth the cells were washed twice with PBS and fixed with
98% Ethanol followed by staining with Hematoxilin (Histolab).
To evaluate the plating efficiency of the cells grow in 0.5% FBS growth medium compared
with cells grown in 10% FBS growth medium, 1500 cells were seeded in the 25 cm2 T-flasks
in McCoy’s 5A medium containing 10% FBS. After 1 day, the 10% FBS medium from the
flasks were replaced by the 0.5% FBS medium and grown for 10-12 days without disturbing
them, finally stained with Hematoxilin (Histolab) after fixation with 98% EtoH (Solveco).
2.5. PFGE for the detection of DNA double strand break:
2.5.1: Background:
Several different factors like metabolic activities, environmental factors like UV light and
radiation are responsible for the induction of double strand breaks in the genomic DNA. The
severe DNA damage could be toxic to the cell and lead to chromosomal aberrations resulting
in programmed cell death or cancer occurrence due to mutations 6. In eukaryotes the two main
repair mechanisms involved are homologous end joining (HEJ) and non-homologous end
joining (NHEJ)4. Double strand breaks are toxic to the cells; under abnormal repair
mechanism the cell undergoes programmed cell death. It is very difficult to separate very
large DNA molecules of size greater than 50 Kbp in standard electrophoresis techniques. The
detection of double strand repair mechanism to study the ability of the cells to repair the
radiation induced DNA double strand breaks through NHEJ relies on the use of Pulsed Field
Gel Electrophoresis. Detection of DNA molecules of size greater than 50 Kbp is difficult as
the DNA molecules are diminished in standard electrophoresis techniques. The induction of
double strand breaks in the genomic DNA of the cells was achieved by irradiating the cells
with 40 Gy radiation dose. The method used for the detection of DNA double strand breaks
and repair mechanism in cells when exposed to radiation. The DNA repair machinery
becomes activated on irradiation, hence seen less number of small DNA pieces after 4 hours
of incubation than compared to the zero time point of post-irradiation of cells. Under applied
electric field, the negatively charged DNA molecules migrate in the matrix by sorting
themselves based on their size proportional to the speed. The smaller sized DNA molecules
migrate faster than the large ones with which the amount of DNA repaired calculated as FAR
< 5.7 Mbp, which is a relative measure of the amount of DNA repaired 19.
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2.5.2. Procedure:
Cells were grown in 3cm dishes in 10% FBS McCoy’s A growth medium and labeled with
2kBq/ml [methyl-14C] thymidine (Perkin Elmer). After the cells have grown for two doubling
times, growth medium was replaced by the 0.5% FBS medium along with 2kBq/ml [methyl14
C] thymidine. After 20 hours the dishes were put on ice for 20-30 minutes before irradiation
and were also kept on ice even during irradiation. After irradiation and repair in 37oC
incubator, cells were trypsinzed and mixed with 0.6% agarose (Lonza) and transferred to the
plug moulds kept at 4oC for 15-20 minutes. After cooling, the plugs with cells were
transferred to ESP lysis buffer at 4oC [2% N-lauroylsarcosin (Sigma), 1 mg/ml proteinase K
(Roche), diluted in 0.5M EDTA (Na3) at pH 8.0]. After
≥20 hours, the ESP buffer was
replaced with the HS buffer [High Salt buffer: 1.85 M NaCl, 0.15 M KCl, 5mM MgCl2, 2mM
EDTA, 4mM Tris, 0.5% Triton X-100 at pH 7.5 (where Triton X-100 added just before using
the buffer)] and incubated overnight at 4oC. Plugs were washed 2 t imes for1 hour in 0.5M
EDTA and 1 hour in 0.5x TBE buffer at 4oC prior to electrophoresis. 0.8% agarose gel
(Seakem gold, Lonza) in 0.5X TBE buffer prepared from 5X TBE (108g Tris base + 55g
Boric acid + 7.44g EDTA (Na2) dissolved in 2l of de-ionized water) buffer. Plugs were loaded
into the wells of 0.8% agarose gel with S.Pombe (Bio-Rad) used as marker. After sealing the
well, the gel was placed into the PFGE unit (GE healthcare) allowed to calibrate for half an
hour and turned on to run the gel at 56V for 45 hours. Following the electrophoresis protocol,
after staining the gel with sybersafe (Invitrogen) and destaining with water the gels were
sliced at the position of 5.7 Mbp chromosomes from S.Pombe marker as reference and the
fraction of 14-C in gel segments were measured by liquid scintillation. To estimate the
measure of DNA double strand breaks, the fraction of radioactivity corresponding to DNA of
size less than 5.75Mbp divided by total fraction of DNA radioactivity in the lane.
CPM of radioactivity of the gel piece with DNA < 5.7 Mbp in the lane
FAR =
CPM of total radioactivity in the lane
2.6. Statistical analysis:
Statistical analysis was performed for the measure of cell survival with complete 10% FBS
and reduced serum substituted 0.5% FBS medium for the normal, non-targeted and targeted
down regulation of DNA-PKcs (DNA repair enzyme) after siRNA transfection were done as
explained elsewhere 20.
3.0. RESULTS:
3.1. Western blot analysis:
The expression levels of specific protein of interest were studied by western blot analysis. The
protein expression levels in cells grown in 0.5% FBS medium is shown in Figure 2A were
compared to the cells grown in 0.5% FBS with downregulated DNA-PKcs through Target
siRNA transfection (Figure 2B). Here the Non-Target siRNA transfeted cells against DNAPKcs were used as control in the experiments (Figure 2B). There is no difference in protein
expression between irradiated and non-irradiated conditions. However, there is a difference in
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the protein expression between different DLD-1 AKT knock-out cell lines. MRE11
expression is reduced in the AKT2 knock-out cell-lines but not in the double AKT1-/- AKT2-/knock-out cell-line and the AKT1-/- cells. The expression of MRE11 was lower in cells
exposed to siRNA against DNA-PKcs. The expression of AKT and phosphorylated AKT was
very low in all cell-lines even 1 hour after irradiation (6 Gy). The DNA-PKcs levels were
fluctuating and therefore difficult to interpret however there was a clear knock-down in the
siRNA treated cells. pSer 473 and pThr 308 are phosphorylated AKT proteins (Figure 2) used
as markers to represent AKT phosphorylation taken place at Ser 473 and Thr 308 s ites
respectively.
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Figure 2: Western analysis performed to detect specific proteins of interest. The study was
made to determine the protein expression levels in the colorectal cancer cells DLD-1 and in its
genetic knockouts (AKT 1-/-, AKT 2-/-, AKT 1-/-AKT 2-/- double knockout). Cells grown in
0.5% FBS medium conditions prior to irradiation at 6Gy radiation dose and lysates were made
after one hour of irradiation. A.) Cells grown in 0.5% FBS medium with non-radiated and
irradiated at 6Gy radiation dose. B.) Cells grown in 0.5% FBS medium in down regulated
DNA-PKcs cells by siRNA Target against DNA-PKcs transfected which were compared with
Non-Target siRNA against DNA-PKcs for both non-radiated and irradiated cells at 6Gy
radiation dose. The specific antibodies used in each case are indicated to the left of each filter
section.
15

3.2. Determination of sensitivity to radiation in colorectal cancer cells through clonogenic
assay:
To evaluate the radiation sensitivity in colorectal cancer cells, a clonogenic cell survival assay
was performed. The results from this experiment are summarized in Figure 3. Cells grown in
0.5% FBS were more sensitive to radiation compared to 10% FBS medium conditions (Figure
3A and B). Cells were even more sensitive to radiation in 0,5% FBS medium conditions in
combination with Target siRNA transfections against DNA-PK (by down regulating DNAPK) in DLD-1 colorectal cancer cells. As seen in Figure 3C & 3D, AKT 1-/- AKT 2-/- double
knockout cells are more sensitive to radiation with/ without downregulated DNA-PKcs gene
in these cells compared to with/without DNA-PKcs down regulated Parental cells in both 10%
FBS and 0.5% FBS medium conditions. To determine the colony formation ability in these
cells, 1500 cells/flask were seeded (as explained in materials and methods 2.4.) and observed
under microscope after 10-12 days. Cells that were grown in 0.5% FBS medium undergone
straved nutrient suppliments resulting in less survival ability than compared to the cells grown
in 10% FBS medium conditions (Figure 3E).
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Figure 3 (This page and overleaf): Clonogenic cell survival assay on colorectal cancer cells
DLD-1 and in its genetic knockouts (AKT 1-/-, AKT 2-/-, AKT 1-/-AKT 2-/- double knockout).
Cells exposed to 0.5% FBS medium 20 hours prior to radiation and allowed to grow for 10-12
days in 0.5% FBS medium, were compared with cells grown in 10% FBS medium conditions.
(A.) Cells grown in 10% FBS medium irradiated at 6 G y. (B.) Cells grown in 0.5% FBS
medium irradiated at 6 Gy. (C.) Cells transfected with Target and Non-Target siRNA against
DNA-PKcs, grown in 10% FBS medium and irradiated at 6 Gy. (D.) Cells transfected with
Target and Non-Target siRNA against DNA-PKcs grown in 0.5% FBS medium and irradiated
at 6 Gy. (E.) Cells grown in 10% FBS and 0.5% FBS medium conditions.
3.3. DNA repair analysis by PFGE technique:
The DNA repair rejoining rate of the cells grown in 0.5% FBS medium was studied (Figure
4.A) and compared with the cells grown in 0.5% FBS medium in combination with siRNA
against (PRKDC gene) to down regulate DNA-PKcs (Figure 4.B-E). The DLD-1 (Parental)
cells and its genetic knockouts (AKT 1-/-, AKT 2-/-, AKT 1-/-AKT 2-/- double knockout) have
different DNA re-joining times as shown in Figure 4. The Non-Target siRNA transfected cells
were used as controls, for which the repair rates were certainly similar to those of the 0.5%
FBS grown cells. The AKT1-/-AKT2-/- double knockout cell line have longer DNA re-joining
time, whereas the Parental cells had the faster DNA repair rate compared to all other cell
lines. The AKT 1-/- cell line had more or less same DNA repair rate as AKT 2-/- cell line and
not significantly different from the Parental cell-line. The down regulation of DNA-PKcs
resulted in a reduction in the DNA repair rates in all cell-lines (Figure4.D, E, F &G).
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Figure 4: Plots of DNA double strand breaks rejoining in PFGE technique. Colorectal cancer
cells DLD-1 and its genetic knockouts (AKT 1-/-, AKT 2-/-, AKT 1-/-AKT 2-/- double
knockout) were grown in 0.5% FBS medium prior to irradiation at 40 Gy and allowed to
repair at different stated time points in the incubator before making plugs which are further
loaded in the gel to run in PFGE machine (as explained in materials and methods 2.5.) and are
analysed. (A.) Cells grown in 0.5% FBS medium. (B.) DLD-1 Parental (C.) DLD-1 AKT 1-/knockout (D.) DLD-1 AKT 2-/- knockout (E.) DLD-1 AKT 1-/-AKT 2-/- double knockout
4.0. DISCUSSION:
The aim of this study was to investigate the importance of DNA-PKcs and AKT isoforms
(AKT 1 and AKT 2) in the cell during cell signalling for its survival and for the activation of
DNA repair as well as the DNA break rejoining rate and radiation response. The DLD-1
genetic AKT knockout cell lines shows longer DNA re-joining times and a higher sensitivity
to radiation compared to the parental cell-line. This may be due to that the activation of AKT
is related to the activation of DNA-PKcs and MRE11. The western blot analysis did not show
any consistent difference in the expression of DNA-PKcs in the AKT knock-out cell-lines.
However, the expression of MRE11 was lower in the single AKT2-/- knock-out cell-lines but
18

interestingly not in the double AKT1-/-, AKT2-/- knock-out cell-line. There is an unclear
correlation between the knock-down of DNA-PKcs and a reduced level of MRE11 suggesting
that MRE11 is directly or indirectly regulated by DNA-PKcs which was observed in nonradiated samples but not in irradiated ones. Previous studies have shown that the double
AKT1-/- AKT2-/- knock-out cell-line have an increase in apoptosis at 0,5% FBS cell culture
media compared to single AKT knock-outs and Parental cell-line. MRE11 is involved in both
DNA damage repair as well as in apoptosis promotion hence, the increase in apoptosis would
therefore elevate the expression of MRE11.
Knocking-down AKT reduced the Plating Efficiency (PE) considerably from 0.88 i n the
DLD-1 parental cell-line to 0.77 i n AKT1-/-, 0.68 in AKT2-/- and 0.56 i n double AKT1-/AKT2-/- knock-out cell-line. Culturing cells in reduced 0.5% FBS medium, resulted in down
regulated expression of pAKT (pSer 473 and pThr 308) and an even lower PE (0.3, 0.17, 0.10
and 0.05 respectively). A knock-out of AKT also increased the sensitivity to radiation (6 Gy)
from a survival fraction (SF) of 0.17 in parental to 0.11 in double AKT1-/-AKT2-/- knock-out.
When cultured in 0,5% FBS cell culture media there was an even higher radiation response
with SF 0.13 i n parental and 0.10 i n double AKT1-/-AKT2-/- cell-line. This shows the
importance of the growth factors (in the FBS) for the cellular response to radiation.
Down regulation of DNA-PKcs increased the radiation sensitivity in all cell lines in both 10%
FBS and 0.5% FBS medium conditions. This confirms the importance of DNA-PKcs in cell
survival after exposure to radiation and it was therefore of interest to study the ability of the
cell-lines in their re-joining of DNA double strand breaks, on induction of heavy radiation
doses (40 Gy). The AKT 1-/- AKT 2-/- double knockout cell-line has a less efficient and
longer DNA rejoining time compared to the parental cells which was most prominent 4 hours
after radiation. AKT 1-/- and AKT 2-/- single knockout cell-lines also had a small reduction in
their DNA rejoining times. Hence, down regulating DNA-PKcs decreased their DNA repair
ability in all cell lines with an increase in their DNA re-joining times compared to the NonTarget control siRNA.
In conclusion, the DLD-1 AKT 1-/- AKT 2-/- double knockout have longer DNA rejoining
times and lower PE compared to the other AKT knockouts and the parental cells. From these
experiments it w as clear that down regulation of AKT and DNA-PKcs results in increased
sensitivity of the cells to radiation resulting in poor cell survival and DNA repair abilities
under minimal nutrient supplements. DNA-PKcs is an important DNA repair protein required
in the cell for the proper cellular functions to occur which was involved in AKT activation
and AKT is an important regulatory protein in cellular functions, whereas its inactivation
could lead to cell death. Hence AKT could be a novel target in cancer treatment.
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