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1. Abstract

The purpose of this project was to develop and optimise a protocol for live-cell imaging with
the Nikon Eclipse Ti2-E Live-cell Fluorescence Imaging microscope by using two types of
blood cancers cell lines, K562 and L428. The clearest visualisation for dual staining of the
K562 was achieved with the concentrations 0.05 pg/ml of Hoechst dye and 2.0 pg/ml for
ViaFluor dye. The clearest images of L428 were obtained using 0.005 pg/ml of Hoechst and
1.0 pg/ml for ViaFluor. The morphological response of Doxorubicin and Vinblastine
treatment were then monitored using the obtained protocol and visualised with the two dyes
and examined at 4 different time points. Clear morphological changes as a result of treatment
could be observed as well as an increase in uptake of dye.

Keywords: K562 cells, L428 cells, Doxorubicin, Vinblastine, Live-cell imaging, Fluorescence
microscopy



2. Sammanfattning

Syftet med detta projekt var att utveckla och optimera ett protokoll for live-cell imaging med
hjélp av Nikon Eclipse Ti2-E Live-cell Fluorescence Imaging mikroskop genom att anvidnda
tva typer av blodcancer-cellinjer, K562 och L428. Den tydligaste visualiseringen for dubbel
infargning av K562 uppnaddes med koncentrationerna 0,05 pg/ml Hoechst och 2,0 pg/ml for
ViaFluor. De tydligaste bilderna av 1428 erh6lls med 0,005 pg/ml Hoechst och 1,0 png/ml for
ViaFluor. Den morfologiska responsen av Doxorubicin och Vinblastin behandling studerades
sedan med det erhallna protokollet och visualiserades med de tva fargerna och undersoktes
vid 4 olika tidpunkter. En tydlig morfologisk fordandring som effekt av behandlingen kunde
observeras sdvil som ett 6kat upptag av fargdmne.

Keywords: K562 celler, L428 celler, Doxorubicin, Vinblastine, Live-cell imaging,
Fluorescence mikroskop
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3. Introduction

In this project, the newly installed microscope Nikon Eclipse Ti2-E Live-cell Fluorescence
Imaging System at SciLifeLab in Solna was to be operated for the first time to study the
treatment of two cancer cell lines. This project was part of a larger study by a research group
at SciLifeLab, centring on cancer cell regulation upon drug treatment. The project was done
to obtain laboratory protocols on cell staining and capturing high definition images on the
new microscope by using two blood cancer cell lines and monitoring the drug response.



3.1  Background
3.1.1. Diseases

Cancer is one of the leading causes of death worldwide. Although treatments are improving,
cases are increasing, and there were a total of 10 million cancer deaths in 2020. [1]

Cancer cells originate from healthy cells that, through mutations, begin to proliferate
abnormally and gain new traits. While healthy cells require growth signals to proliferate,
some cancer cells can grow in the absence of these, and they often grow abnormally fast. In
addition, these cells have the ability to avoid apoptosis, invade new tissue, and spread quickly
through the human body. [2]

As cancer has such a high death rate and is a widely diverse disease it implies a lot of
unknowns. However, studies can only be done on a few of these cancers at a time such as is
done in this study. One of the cell lines used is called L428 and is derived from a 37 year old
classical Hodgkin’s lymphoma (cHL) patient. It is commonly used in cancer research. [3] [4]
cHL and nodular lymphocyte-predominant (NLPHL) are classified as Hodgkin’s lymphomas
(HL) where cHL is the most common variant. Hodgkin's lymphoma is most commonly
diagnosed in individuals in their 20s and 30s. [5]

The cHL tumour consists of cancer cells surrounded by an inflammatory environment of
immune and plasma cells. The cancer cells are created when lymphocytes in the body start
mutating, and form either mononuclear Hodgkin’s cells, or multinucleated Reed-Sternberg
cells, recognisable by their comparatively large size. [6] After primary treatment, 5-year
survival is 95% in patients with good prognosis, and 60-80% of patients with worse
prognosis. In general, prognosis is better in younger patients. [5] [7] In Sweden, the number
of newly infected people is approximately 200 new patients every year. [7]

The other cell line used is the K562 cell line which is an erythroleukemic cell line, derived
from a 53 year old patient with Di Guglielmo disease, that is also well studied. [3] [4]
Erythroleukemia is a type of Acute myeloid leukaemia (AML) which is a leukaemia that is
fast-growing and starts in the bone marrow, usually quickly spreading to the blood. The
disease also involves disrupted growth of other bone marrow cells, and it is categorised into
two types, Di Guglielmo disease and Guglielmo syndrome. Di Guglielmo disease or pure
erythroid leukaemia cells are characterised by their large size, central round nuclei, dispersed
chromatin and one to several nucleoli. [3]

Erythroleukemia is most commonly found in older individuals, with more cases in men than
women. Historically, median survival for Di Guglielmo disease after initial diagnosis has
been 2-3 months, and nowadays with chemotherapy treatment, it is about 3-9 months. [7] [8]
[9] AML affects nearly 400 Swedes every year and the incidence rate for the age group 25-44
was 10 cases per million inhabitants per year, compared to 130 cases per million inhabitants
for the age group 65-79. [10]



3.1.2.  Drugs

Two common forms of chemotherapies used in treatment of these blood cancers are
Doxorubicin and Vinblastine. Doxorubicin is extracted from Streptomyces peucetius var.
caesius and is cardiotoxic, which limits its usage. It is most commonly administered for
treatment of Hodgkin’s and non-Hodgkin’s lymphoma, but can also be used to treat other
cancers. Several mechanisms have been proposed to explain how Doxorubicin affects cancer
cells. One proposition involves the release of reactive oxygen species, which can then
damage the cell by, among others, causing DNA damage and triggering apoptotic pathways.
The other major well-known mechanism involves the inhibition of Topoisomerase II, which
is normally involved in DNA repair. [11] To gain access to a cancer cell, Doxorubicin binds
to plasma proteins and enters via passive diffusion. This results in the accumulation of the
drug in intracellular compartments. [12] The drug exits a cell when it is pumped out of it by
p-glycoprotein, an efflux pump. Some cancer cells have an overexpression of this pump,
which confers drug resistance to these cells as they are able to quickly remove Doxorubicin
before it can do damage. [13]

Vinblastine, on the other hand, is extracted from the leaves of Catharanthus roseus. In
combination with Doxorubicin and other drugs, it is used to treat Hodgkin’s disease. The drug
is cell cycle specific, meaning it disrupts the cell cycle by binding to tubulin and inhibiting it
from forming microtubules. Without enough functional microtubules to correctly separate
chromosomes during mitosis, cell death occurs. [14] Like Doxorubicin, Vinblastine can be
transported by g-glycoprotein. Because of this, cancer cells with the overexpression of
p-glycoprotein also show resistance to Vinblastine. This drug resistance can be inhibited by
Verapamil, a chemosensitizer that is also commonly used together with fluorescent dyes. [15]

3.1.3.  Gene-regulation in K562 and L428 during drug treatment

A gene ontological study of K562 during Doxorubicin and Vinblastine treatment was
previously performed within the research group at SciLifeLab that this project was done in
collaboration with. The study showed that drug treatment resulted in cells up-regulating
genes used for survival while down-regulating genes for cell proliferation, and becoming
more apoptotic with time. Cells set to recover after treatment with Vinblastine were shown to
upregulate genes related to the extracellular matrix organisation, histone core and histone
folding but downregulate genes associated with the plasma membrane. Cells having
recovered from Doxorubicin treatment showed, among others, upregulation for genes
associated with nuclear chromosomes, histones and the plasma membrane, and
downregulation of chromosome organisation. [16]

Another gene ontological study conducted for L428 showed that Vinblastine treatment led to
upregulation of genes associated with spindle and microtubule organisation, sister chromatid
segregation and chromosome localisation. It also upregulated genes related to apoptosis
regulation, which was also found after Doxorubicin treatment. For cells treated with
Doxorubicin, the DNA repair pathway and cell division was upregulated. After one week of



recovery from the Doxorubicin treatment, L428 cells were shown to upregulate cellular
division and apoptosis genes. [17]

3.1.4.  Microscopy and live-cell fluorescence imaging

The drug response and visualisation of dyed cells can be done using live-cell fluorescence
imaging which is a method used to visually study living cells over time. By utilising
fluorophores, cellular structures and proteins can be labelled, imaged and analysed, which
makes live-cell imaging a powerful method for cellular and intracellular dynamics analysis.
Fluorophores are small molecules that absorb and emit photons when illuminated with light
of a certain wavelength. If the photons have the right energy levels, the fluorophor’s electrons
are excited, causing emission of light when these electrons drop down to their original energy
levels. This means that the excitation and emission occur at different wavelengths, giving the
fluorophores their specific spectra with a peak that is a wavelength where it absorbs/emits the
most light. It is desired to illuminate the fluorophore with the light that matches the
wavelength at the peak, as the emitted light from fluorophores will be picked up by
fluorescence filters. The filters are designed to block some wavelengths, and transmit others.
The illumination light of a fluorophore is much brighter than the emission light, so in order to
view the emission light the emission filter used must block out the excitation light. In
summary, the filter set chosen should focus on maximal excitation of fluorophore, removal of
excitation light from image, and collection of as much fluorophore emission as possible. [18]

A difference in live-cell imaging and imaging of fixed cells and tissues is that the latter
requires a high illumination intensity and long exposure time, which should be avoided with
microscopy of live cells. This is because both cell viability and image quality must be taken
into account. A significant challenge with live cell imaging is creating and maintaining
conditions that keep the cells healthy and functional throughout the microscopy, even in the
presence of fluorescent molecules, which risk causing photodamage to the cells. To maintain
normally functioning cells, factors such as temperature, pH and media composition should be
controlled if possible, as well as the illumination intensity and the time of exposure. [19] [20]

3.1.5.  Equipment

The Nikon Eclipse Ti2-E Live-cell Fluorescence Imaging System has a 25 mm field-of-view,
which is the portion of object that fills the camera's sensor, and uniform illumination provided
by its fly-eye lens. The microscope is equipped with a multi-wavelength LED illumination
system making it possible to select between 16 different wavelengths ranging from 365 to
770. The objectives available are 20x and 60x oil objectives. The microscope is equipped
with a few different filter sets and two of them, DAPI and Cy5, were used here. [21]

The microscope is used in combination with the software Nis-Elements Advanced Research
which is an acquisition and analysis software used for live-cell imaging. An important
function is the ND2 Acquisition-multi channel function which captures fluorescence signals
selectively by excitation and emission filters. [21] [22] Another important feature that comes
is the exposure time, which is the time the camera will be exposed to the photons from the



sample. Exposure time can be adjusted via the software to acquire a brighter image by
increasing exposure time and therefore an increased pixel intensity. Designing the optimal
exposure time is one of important aspects in fluorescence live-cell imaging, therefore it takes
some trial and errors to choose the optimal time for the samples, especially those with an
uneven signal due to uneven staining. [23]

The medium that will be used for the lab is Roswell Park Memorial Institute (RPMI) 1640
Medium, which is suitable for mammalian cells and includes reducing agent glutathione and
high vitamin concentrations of inositol and choline. This medium lacks proteins, lipid and
growth factors as well as phenol red and has a sodium bicarbonate buffer system maintaining
the intracellular pH in an environment of 5-10% CO,. Phenol red is autofluorescent and
omitted because it obstructs capture of images. The medium is supplemented with foetal
bovine serum. [24]

3.1.6. Dyes
3.1.6.1. Hoechst 33342

One stain used is Hoechst 33342, a cell permeant that stains nucleic acid and emits blue light
at 350 nm. [25] Being a cell permeant, Hoechst also binds to and therefore stains the lipid
membranes of the cell. Like Doxorubicin and Vinblastine,the molecule can be pumped out of
the cell by P-glycoprotein. [26] The manufacturer’s recommended concentration range is
0.5-2 pg/ml. The use of this dsDNA stain was observed to have phototoxic and cytotoxic
effects at a concentration of 0.1 pg/ml, resulting in significant apoptosis. A study by Purschke
et al. found an upper limit for non-toxic long-term use of up to 49 hours of 0.02 pg/ml, and
lower concentrations are necessary for longer studies. [27] Additionally, according to Zhao et
al, exposure to membrane-permeant DNA fluorophores at 1 pM results in DNA damage
responses. These are thought to have an effect on regulatory cell cycle pathways and
apoptosis. [28]

3.1.6.2. ViaFluor 647

The second stain is ViaFluor 647, which is a cell permeant that stains microtubule in live
cells with absorption at 650 nm and emission at 675 nm. The dye is derived from taxol, a
chemotherapy drug which has stabilising effects on microtubules, preventing disassembly
and disrupting the F-actin cytoskeleton. The drug is effluxed by the cell via the
P-glycoprotein. [29] Taxol derived fluorescent probes similar to ViaFlour have been shown to
have similar effects as the drug, and it has been theorised that this also applies to ViaFlour.
[30] Together with ViaFluor, a substance called Verapamil is commonly used. Verapamil is a
chemosensitizer which increases the sensitivity of cells to chemotherapy, and has been shown
to inhibit Hoechst efflux by P-glycoproteins at a Hoechst concentration of 2 uM. [26]
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3.2 Problem

As mentioned earlier, the most common types of chemotherapies for treatment of these two
cancer types are Doxorubicin and Vinblastine, in combination with other cancer drugs.
Despite the treatments, the survival rate is low, especially for patients in the advanced stages,
and most patients either do not react to the drugs or relapse. The hope is that this project can
be of help in gaining a deeper understanding of the exact mechanisms of the drugs and the
response of the cancer cells. That way, eventually, successful treatments can hopefully be
developed in the future, increasing survival rates for the patients.

Live cell imaging is a newly developed technique that uses time-lapse microscopy to
visualise living cells over time. In contrast to fixed cell imaging, many factors need to be
considered in live cell imaging to maintain healthy cells. Two of the most important factors
are illumination intensity and the time the cells are exposed to the light. In fluoresce live cell
imaging the most important challenge is minimising phototoxicity while clearly visualising
the viable cells.

3.3 @Goal

The project focuses on developing and optimising a protocol for live-cell imaging by
developing a method on how to operate a Nikon Eclipse Ti2-E Live-cell Fluorescence
Imaging microscope. In the second part of the project, this protocol is used to answer the
questions of how the K562 and L428 cell lines respond to treatment with Doxorubicin and
Vinblastine.

3.4 Question at issue

How can live-cell imaging fluorescence microscopy and the Nikon Eclipse Ti2-E Live-cell
Fluorescence Imaging microscope be utilised and operated to gain a better understanding of
cellular processes after treatment by the drugs? How do the K562 and L428 cell lines respond
to treatment with Doxorubicin and Vinblastine at different time points?

3.5 Delimitations

To achieve the goal and answer the questions, delimitations regarding the fluorescent dyes
used for imaging the two cell lines during the laboratory work were considered. The specific
dyes were chosen based on what the authors of this thesis deemed would give the most
informative visualisation of the cells, with respect to the drug mechanisms. In this project,
there was no live cell imaging in the sense that no time lapses could be done to follow
specific cells. Therefore, this would be the next step for this study.
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4. Method
4.1  Summary of experiments

Before drug treatment of the cells, initial experiments were done to assess the optimal
number of washes and optimal concentrations of both dyes for both cell lines. This
information was then used in further laboratory work, when cells were treated with drugs.

The next step of the laboratory work was the treatment of cultivated K562 and L428 cells
with Doxorubicin and Vinblastine. This resulted in a total of four different cell cultures: K562
cells treated with Doxorubicin, K562 cells treated with Vinblastine, 428 cells treated with
Doxorubicin and L428 cells treated with Vinblastine. From these, samples were taken at four
different time points: 0 hours, 6 hours, 24 hours and 24 hours plus one week recovery. The
cell samples were dyed with fluorescent Hoechst and ViaFluor dye, and viewed in the Nikon
Eclipse Ti2-E Live-cell Fluorescence Imaging microscope.

4.2 Preparations
4.2.1. Cultivation

K562 and L428 cells were both cultivated in RPMI-1640 media without phenol red, with
addition of foetal bovine serum and penicillin-streptomycin. The cell concentration was
determined through total count, and maintained through dilution. For this experiment, a cell
concentration of 0.3 million cells/ml was used. During cultivation, cells were kept in an

incubator at 37°C with a CO, level of 5%.

4.2.2. Wash and Media Change

To wash cells, all replicates were transferred from culture flasks to 15 ml falcon tubes and
centrifuged at 300g for 5 minutes. The supernatant was then discarded and new media was
added.

To remove excess dye from the medium while dyeing cells, the wash was done three times
after adding dye and incubating for 30 minutes. One wash was done 24 hours after treatment
of cultured cancer cells, to remove the drugs from the media. 3 days after that wash, a media
change was performed. During the media change, cells were washed once, fresh medium was
added and the samples were added to new cultivation flasks.
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4.2.3. Cell count

A hemocytometer was used to measure the cell concentration in the solution. 10 pl cell
suspension was pipetted into the hemacytometer, under its glass cover. The hemocytometer
was then placed in 10x magnification of a microscope and cells were counted in 3 boxes of
the grid layout. The cell concentration was obtained by calculating the average cell count per
square and multiplication with the dilution factor. The cell count was performed at different
timepoints, shown in table 1.

Table 1. Overview of samples in a single replicate of one cell line to cell count. These
samples were taken for both cell lines at three different times. Blank samples were taken
before drug addition, and samples for each drug were taken after 24 hours of treatment, and
24 hours of treatment plus one week of cell recovery in the absence of drug. This gives a total
of 5 samples for one replication.

0 hour Negative Control x1
Doxorubicin Vinblastine
24 hours x1 x1
24 hours + 1 week recovery x1 x1
Total samples 5

4.3  Staining
43.1. Hoechst

K562 and L428 were stained with the following concentrations of Hoechst dye: 0.005 pg/ml,
0.01 pg/ml, 0.05 pg/ml, 0.1 pg/ml and 0.2 pg/ml. The samples were kept away from light,
and incubated in 37°C for 30 minutes. After incubation, the samples were washed three times
with a final volume of 2 ml for each sample. Samples were then transferred into the wells of a
6-well glass-bottomed plate and inserted into the microscope. Calculations and protocols for
Hoechst dyeing can be found in the appendix (4.3.1).

4.3.2. ViaFluor

K562 and L428 were stained with the following concentrations of ViaFluor: 0.5 pg/ml, 1.0
pug/ml and 2.0 ug/ml. For each sample, 1 ul of Verapamil was added. The samples were kept
away from light, and incubated in 37°C for 30 minutes. After incubation, the samples were
washed three times, and the final volume of each sample was 2 ml. Samples were then
transferred into the wells of a 6-well glass-bottomed plate and inserted into the microscope.
Calculations and protocols for ViaFluor dyeing can be found in the appendix (4.3.2).
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4.3.3. Double Staining

K562 and L428 cells were stained with optimal concentrations of both ViaFluor and Hoechst,
selected from the results of the single staining. These concentrations were 0.05 pg/ml of
Hoechst and 2.0 pg/ml of ViaFluor for K562, and 0.005 pg/ml of Hoechst and 1.0 pg/ml of
ViaFluor for L428. For each sample, 1 pl of Verapamil was added. The samples were kept
away from light, and incubated in 37°C for 30 minutes. After incubation, the samples were
washed three times, yielding a final volume of 2 ml for each sample. Samples were then
transferred into the wells of a 6-well glass-bottomed plate and examined in the microscope.
Calculations and protocols for double dyeing can be found in the appendix (4.3.3).

4.4  Treatment with drugs

For both the K562 and 1428 cell lines, cell suspension (0.3 million cells/ml) was transferred
into two separate T-flasks, for a total of four flasks. Vinblastine was then added to one flask
for each cell line, and Doxorubicin was added to the other, yielding a drug concentration of 1
uM in all four flasks. Samples from each T-flask were then added to 15 ml falcon tubes at Oh
(2 ml), 6h (2 ml), 24h (2 ml) and after 1 week of recovery (all remaining cells and 2 ml
reused media) and examined immediately. On day 5, the cells were washed and new media
was added. Treatment protocol can be found in the appendix (4.3.4).

4.5 Microscopy Configuration and Software Settings

The Nikon Eclipse Ti2-E Live-cell Fluorescence Imaging system was configured with DAPI
and Cys5 filter cubes and ran at 37°C in an Okolab Enclosure using a H201-T-UNIT-BL
temperature control unit. The system was set to 'Acquire - Live Fast' through the software
NIS Elements version AR 5.42.02 (NIS Elements) with a resolution of 976 x 976 while
surveying and 2 928 x 2 928 for image acquisition. Light intensity and LUTs
(Non-destructive Image Enhancement) were adjusted for optimal image in NIS Elements by
the intensity slider and gamma parameter in addition to the intensity range respectively.
Later during the project, the multi-channel acquisition function was used to specify DAPI and
Cys5 filters with the desired configuration, which was selected based on the optimal results
after imaging the cell. For optimal exposure time, images were compared together after
testing different exposure times, where 400 ms, 500 ms, and 1s were tested.

14



5. Results

5.1 Hardware and Software
An initial workflow for the hardware and software was first established, enabling a somewhat
reliable image capture. This workflow would come to be incrementally developed as the
work continued. Initially there were difficulties with the relation between the light intensity
and the LUTs settings. Higher intensities mean more fluorescence, whereby it was realised
that the gamma parameter had to be adjusted to enhance darker areas of the image, leading to
more definition within the highly fluorescent cells. This way, high definition could be
achieved, but it also meant more phototoxicity. Therefore, a balance had to be kept between
the two factors.

5.2 Staining to find optimal concentrations

To optimise the visualisation of live cells by fluorescence microscopy the cell lines K562 and
L428 were stained with different concentrations of Hoechst and ViaFlour separately and
eventually in a dual staining with both dyes at once, using the optimal concentrations selected
from the single staining. Because optimal dye concentration is dependent on cell line, various
concentrations were tested both within and outside the manufacturer’s recommended range.
Additionally, optimal concentration varies with expected visualistation time because of the
cyto- and phototoxicity experienced by the cell. Therefore lower concentrations are
recommended for longer visualisation times. Hence, when choosing optimal concentrations
for visualisation by fluorescence microscopy, cell clarity and intracellular definition along
with high contrast with the background were prioritised while preferring lower
concentrations.

5.2.1.  Staining with Hoechst 33342

Initially the two cell lines were stained with Hoechst. The resulting images from the K562
staining are shown in Figure 1 and for the 1428 staining in Figure 2.
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kK362 K562

Hoechst Hoechst

0.005 pg/ml 0.01 pg/ml

K562
Hoechst Hoechst

0.05 pg/ml 0.1 pg/ml

Figure 1. K562 cells stained with different concentrations of Hoechst dye. All images were
captured with 60x magnification, using immersion oil and the DAPI filter. The white mark
represents 10 um.



For cell line K562 the clearest visualisation of the cells could be achieved with the
concentrations 0.1 pg/ml and 0.2 pg/ml. These concentrations showed high definition inside
the cells and a strong contrast with the background. Meanwhile the two lowest concentrations
resulted in poor contrast while the middle concentration of 0.05 pg/ml showed high contrast,
some overly exposed cells and some with intracellular clarity. This suggests that visualisation
such as for 0.1 pg/ml is possible with 0.05 pg/ml by lowering the light intensity. Therefore,
since low dye concentrations are desired 0.05 ug/ml and 0.1 pg/ml were concluded to be the
best options to use for the dual staining for the K562 cells.

LAZS L428

Hoechst Hoechst

0.005 pg/ml 0.01 pg/ml

L42x L4285
Hoechst Hoechst

0.05 pg/ml

Figure 2. L428 cells stained with different concentrations of Hoechst dye. All images were
captured with 60x magnification, using immersion oil and the DAPI filter. The white mark
represents 10 um.

While five concentrations of Hoechst were tested on K562 cells, four were used when
staining the L428 cells. As seen in Figure 2, the clearest visualisation of cells was obtained
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with the lowest concentrations of 0.005 pg/ml and 0.01 pg/ml. The highest concentration, 0.1
pg/ml, gave an overly exposed picture with cells simply visualised as bright blue lumps
against a stark black background, with low definition inside the cells. While the second
highest concentration yielded somewhat more clear visualisation, most cells were overly
exposed. Similarly, the concentration of 0.01 pg/ml shows cells overly exposed but with a
larger percentage of cells with intracellular definition. The concentration 0.005 follows this
trend of higher definition with a lower concentration, resulting in the image with most
intracellular definition but still keeping the high contrast. Hence, it was decided to move
forward with the concentrations 0.005 pg/ml and 0.01 pg/ml for the dual staining of L428.

5.2.2.  Staining with ViaFluor

In a similar manner as to the Hoechst staining, cells were stained with different
concentrations of ViaFlour, the microtubule staining dye. Each sample also contained 1 pl
Verapamil. The resulting images from the fluorescence microscopy for the K562 cells are
shown in Figure 3 and for the L.428 cells in Figure 4.
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(.5 ng/ml | pg/ml

K562
ViaFluor

2 ug/ml

Figure 3. K562 cells stained with different concentrations of ViaFluor dye.. The first two
images were captured with 20x magnification while the last image was captured using 60x
magnification and immersion oil. All samples contained 1 ul Verapamil and a Cy?3 filter was
used. Here, the cells were kept in PBS buffer. The white mark represents 100 um for the top
photos and 10 um for the bottom photo.

When visualising the ViaFlour stained K562 cells as seen in Figure 3, it became apparent that
the highest concentration of 2.0 pg/ml yielded the best visualisation. The cells stained with
the lower concentrations of 0.5 pg/ml and 1.0 pg/ml could only be seen as small, faint red
dots against a stark black background. However for the highest concentration, 2.0 pg/ml,
multiple cells could be seen with high definition and contrast inside the cells easily
visualising the microtubule. It was therefore concluded that a Viaflour concentration of 2.0
pg/ml should be used during the dual staining of K562 cells.
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L4238

ViaFluor

(0.5 pg/ml

Figure 4. L428 cells stained with different concentrations of ViaFluor dye. All samples
contain 1 ul Verapamil and a Cy5 filter was used. All images were captured with 60x
magnification and immersion oil, and the cells were kept in media. The white mark represents
10 um.

When staining L428 with the same concentrations of ViaFluor as for K562, the selection of
the best concentration was not clear, as can be seen in Figure 4. The concentrations of 1.0
pg/ml and 2.0 ug/ml showed the largest contrast and definition while the lowest
concentration of 0.5 pg/ml was barely visible. Even though the higher concentrations gave
the most defined images out of the three, the images were still not as clear as for K562 with
the same stain. To achieve definition and contrast such as for the K562 cell line, higher
concentrations could have been tested. However it was decided to pursue the concentration of
1.0 pg/ml. This concentration showed more definition than 2.0 pg/ml, in addition to being a
lower concentration, therefore having a lower cytotoxic effect on the cells. Because the
visualisation difference between the two highest concentrations is only slight it is most likely
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due to differing software settings when capturing the images. It is expected that higher
concentrations show more contrast, but no such difference was observed.

5.2.3. Double staining with Hoechst and ViaFluor

The selected concentrations of the single staining experiments were used for the dual staining
of K562 and L428 cells. This resulted in two stained cultures per cell line as shown in Figure

5 and 6 for K562 and 7 and 8 for L428 cells because two Hoechst concentrations needed to
be tested for both lines.

5.2.3.1. Double staining of K652 cells

K562 K562

Hoechst (0LO5 pg'ml Hoechst 0L05 pg/ml

ViaFluor 2pg/ml ViaFluor 2pg/ml
DAPI Cy5

K562 K562

Hoechst .05 pg/ml Hoechst 0,05 pg/ml
ViaFluo

DAPI + Cy DAPIL + Cy5

Figure 5. K562 cells stained with both dyes, both filters and 1ul Verapamil added. All images

were captured with 60x magnification using immersion oil. The cells were kept in media. The
white mark represents 10 um.

The cells stained with 0.05 ng/ml Hoechst shown in Figure 5 have mostly clearly stained

DNA and with somewhat high contrast with the background. In the fourth image there is a
good example of a cell that has undergone apoptosis. In comparison, the higher concentration
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found in Figure 6 below are strongly stained and overexposed. This is contrary to what was
found during the single staining of K562 using Hoechst, where the higher concentration had
better contrast and definition, suggesting interference during the efflux of the dye during dual
staining.

K562 Kaa2

Hoechst 0.1 pg/ml Hoechst 0.1 pg/ml

ViaFluor 2pg/ml ViaFluor 2pg/ml
DAPI

K562

Hoechst 0.1 pgiml
ViaFluor 2pg
DAPI + Cy

Figure 6. K562 cells stained with both dyes, both filters and 1ul Verapamil added. All images
were captured with 60x magnification using immersion oil. The cells were kept in media. The
white mark represents 10 um.

5.2.3.2. Double staining of L428 cells

In a similar manner as in the double staining of K562 cells, L428 cells stained with a lower
concentration as can be seen in Figure 7 resulted in greater definition of DNA. The higher
concentration in Figure 8 on the other hand showed more heavily stained cells lacking
intracellular definition. This is in line with the single staining experiments. Because of this
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the dye combination with the Hoechst concentration of 0.005 pg/ml was decided to be used
during the following drug treatment experiments.

L428 L4228

Hoechst 0.005 pgiml Hoechst 0005 pg/ml
ViaFluor 1pg/ml ViaFluor 1pg/ml
DAPI Cy5

L428

Hoechst 0005 gl

ViaFluor l|.|j:'_.-11'||
DAPI + Cy5

Figure 7. L428 cells stained with both dyes, both filters and 1ul Verapamil added. All images
were captured with 60x magnification using immersion oil. The cells were kept in media. The
white mark represents 10 um.
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L428

Hoechst (L0 pg/ml
ViaFluor 1pg/ml
DAPI

L428

DAPL+ Cy5

L428

Hoechst (L0 pg/ml
ViaFluor 1pg/ml
Cy5

Figure 8. L428 cells stained with both dyes, both filters and 1ul Verapamil added. All images
were captured with 60x magnification using immersion oil. The cells were kept in media. The

white mark represents 10 um.
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5.3 Treatment

Following the investigation into optimal dye concentrations, drug treatment with Doxorubicin
and Vinblastine was performed with both cell lines treated with each drug separately. Here
samples were taken and subsequently double stained using the concluded optimal dye
concentrations at 0 hours as an untreated reference, 6 hours, 24 hours after which the drugs
were washed away and a sample was taken after 1 week of recovery.

5.3.1. Zero control

Before treatment started, samples were taken and stained with optimal concentrations of both
dyes. K562 cells were stained with 0.05 pg/ml Hoechst and 2 pg/ml ViaFluor, while L428
cells were stained with 0.005 pg/ml Hoechst and 1 pg/ml ViaFluor. Results are shown in
Figure 9 and 10.

Ka62 K562

Hoechst (.05 pg/mil Hoechst (0L05 pg'ml
ViaFluor 2pg/mil

DAPI

K562

Hoechst 0,05 pg/ml

Figure 9. K562 cells stained before treatment. All samples contained 1 ul Verapamil and were
stored in media. All images were captured with 60x magnification using immersion oil. The
white mark represents 10 um.
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L428 L42%
Hoechst 0,005 pg/ml Hoechst 0.005 pg'ml

ViaFluor Tpg/ml ViaFluor 1pg/ml

DAP Cy5

L428

Hoechst 0L005 pg/ml
ViaFluor |

DAPI + Cy

Figure 10. L428 cells stained before treatment. All samples contained 1 ul Verapamil and
were stored in media. All images were captured with 60x magnification using immersion oil.
The white mark represents 10 um.

These untreated cells established a reference morphology to be used when studying the
following treated samples. Both K562 and 1.428 cells appear to have somewhat round shapes
with organised components of microtubule and DNA within.

5.3.2. 6 hours

Samples were taken after 6 hours of drug treatment and stained according to the established
protocol. The images of treated K562 cells are seen in Figure 11 and treated L428 cells in
Figure 12.
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K562 K562

Doxorubicin Yinhlastine

i Hours t Hours

Figure 11. K562 cells stained with 0.05 ug/ml Hoechst and 2 ug/ml ViaFluor after 6 hours of
drug treatment. All images were captured with 60x magnification using immersion oil. The
cells were stored in media. The white mark represents 10 um.

K562 cells treated with Doxorubicin for 6 hours retain their round shape and show similar
DNA distribution as the untreated sample. This also applies for the Vinblastine treated cells
which show the bean shaped DNA distribution seen earlier.

LA428 L428
Doxorubicin Vinhblastine

i Hours f Hours

Figure 12. L428 cells stained with 0.005 ug/ml Hoechst and 1 ug/ml ViaFluor after 6 hours
of drug treatment. All images were captured with 60x magnification using immersion oil. The
cells were stored in media. The white mark on the left and the blue mark on the right
represent 10 um.

However, when studying the images of Vinblastine treated L428 cells shown in Figure 12,
some cells reveal a kind of DNA distribution not seen in earlier images in this report. Here,
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DNA is most heavily stained in a hollow circular shape, only lightly stained in the centre.
This suggests cells are affected by the treatment and could be an example of apoptotic cells.
The aforementioned bean shape is still present in the Doxorubicin-treated L428 cells,
although here what is believed to be a multinucleated Reed-Sternberg cell can be seen,
indicated by its comparatively large size.

5.3.3. 24 hours

The final samples of cells during treatment were taken after 24 hours and stained as the
earlier ones. The resulting images, for K562 treated cells are found in Figure 13, and L428
treated cells in Figure 14.

K562 K562
Doxorubicin Vinblastine

24 Hours 24 Hours

Figure 13. K562 cells stained with 0.05 ug/ml Hoechst and 2 ug/ml ViaFluor after 24 hours
of drug treatment. All images were captured with 60x magnification using immersion oil. The
cells were stored in media. The white mark represents 10 um.

After 24 hour treatment with Doxorubicin, Figure 13 shows a collapsed cell membrane and
scattered microtubule and DNA. This can be seen as the line of red and small dot of blue,
respectively. However, most cells still seem to be intact and have retained their round shape.
In both images the DNA is heavily stained in comparison to earlier stains, suggesting a higher
build up of intracellular Hoechst, possibly a result of either increased membrane fluidity or a
change in the efflux rate of the dye. For the Vinblastine treated cells seen to the right,
multiple cells can now be seen with an elongated shape, likely due to the inability of the cell
to retain the cellular structure because of the inhibition of microtubule formation. However,
due to issues with image acquisition, leading to cells moving a few micrometres between the
photos for the respective dyes, the resulting overlay made circular cells seem elongated
because the DNA was beside the microtubule of the same cell.
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L428 L428
Doxorubicin Yinblastine

24 Hours 24 Hours

Figure 14. L428 cells stained with 0.005 ug/ml Hoechst and 1 ug/ml ViaFluor after 24 hours
of drug treatment. All images were captured with 60x magnification using immersion oil. The
cells were stored in media. The white mark represents 10 um.

The irregular elongated shapes seen for the Vinblastine treated K562 cells can also be seen
for some of the L428 cells treated with the same drug after 24 hours. Here, as in the L428
cells after 6 hours, the new kind of DNA distribution is still present. However, this is not the
case for Doxorubicin treated cells. The stained microtubules are diffused in cells treated with
Vinblastine, possibly due to the drug inhibiting microtubule construction. Although this could
be because of poor staining since the microtubule is only faintly visible.
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5.3.4. One week recovery

After the 24 hour treatment of both cell lines, the drug containing media was discarded and
replaced with new media without Doxorubicin or Vinblastine. The cell samples were set to
recover for a week and then stained with the same concentrations of Hoechst and ViaFluor.
The acquired images are shown in Figure 15 and 16.

K:'-h?;

Vinhlastine

24 Hours + 1 week recovery

24 Hours + 1 week recovery

Figure 15. K562 cells stained with 0.05 ug/ml Hoechst and 2 ug/ml ViaFluor after 24 hours
of drug treatment and one week recovery. All images were captured with 60x magnification
using immersion oil. The cells were stored in media. The blue mark represents 10 um.

After one week of recovery, the K562 cells look highly apoptotic for both Doxorubicin and
Vinblastine according to Figure 15. In comparison to the untreated control, which has evenly
shaped and condense stained DNA, the one week recovery cells for both treatment types
show dispersed DNA. This indicates DNA damage and possible nucleus disintegration, even
more so than after 24 hours of treatment. This could potentially be due to the effects of DNA
damage slowly revealing itself at large when the cell needs to replace or repair damaged
intracellular components. In the same manner, the microtubule can be seen heavily scattered
inside some cells for both treatments, whereas the control sample shows defined microtubule
laying neatly around the nucleus. This is an indication of apoptosis, and thereby the
unravelling of cellular structures.
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Figure 16. L428 cells stained with 0.005 ug/ml Hoechst and 1 ug/ml ViaFluor after 24 hours
of drug treatment and one week recovery. All images were captured with 60x magnification
using immersion oil. The cells were stored in media. The white mark to the left and the blue
mark to the right represents 10 um.

The images of L428 captured after one week of recovery reveal the effect of the treatment,
similar to the K562 cells. Even though the cells seem to mostly retain their round shape, the
distribution of microtubules, especially for the cells treated with Vinblastine, are more
scattered compared to the control sample. A possible explanation for this is the mechanism of
Vinblastine affecting microtubule assembly leading to small microtubule fragments being
dispersed in the cytoplasm. The DNA however, are only lightly stained but
compartmentalised in comparison to the control cells where the DNA is gathered in one spot.
In the same way as for the K562 cell line, it seems that the effects of treatment reveal
themselves more as the cell begins to try and repair itself. Since the cells divide
approximately once per 24 hours, it is reasonable to see more effects after a week than after
24 hours, since more cells have tried to divide after one week.
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6. Discussion

Despite the development of improved treatments, the number of cancer cases has still
increased over the years. Treatment with Doxorubicin and Vinblastine for cHL and
Erythroleukemia have had relatively low success rates, with most patients either not reacting
to the drugs or relapsing. Through detailed analysis of images captured via live-cell imaging
fluorescence microscopy, a deeper understanding of how the two drugs operate in their
mechanism of entering and killing the cancer cells have been identified, as well as how the
organelles such as the microtubule in the cancer cells have responded to the treatments.

6.1 Staining of K562 and 1428

During the staining of L428 cells with the Hoechst dye it was discovered that the deemed
optimal concentration selected was 10x lower than for the K562 cell line. It was theorised to
be due to a difference in membrane fluidity, a difference in the efflux rate of the dye or a
difference in DNA packing between the cell lines. However, during the staining with the
other dye, ViaFluor, this difference was not present, leading to the conclusion that it is most
likely not a difference in membrane fluidity but in the accessibility of the DNA between the
two cell lines.

Specifically for the ViaFluor staining, an additive was used along with the dye called
Verapamil, which according to the literature is a chemosensitizer. This could have the
implication of increased cytotoxicity due to ViaFluor being taxol-derived, which may limit its
use for long term study.

Verapamil was also used during the dual staining, which may have influenced the results
since Verapamil decreased the efflux of the dyes by affecting the p-glycoprotein. This results
in a reduced efflux rate and subsequently a heavier staining of the DNA and microtubules
even though the uptake of dye is slower since there is sufficient incubation time. This could
be an explanation for the optimal dye concentrations being lower than expected when using
both dyes simultaneously. Therefore, Verapamil could be disregarded to decrease
cytotoxicity.

6.2 Drug treatment and recovery

The treatment of the K562 and L1428 cells with Doxorubicin or Vinblastine showed clear
incremental changes to cellular morphology. The DNA and microtubule became increasingly
disorganised, fully revealing the effects of the treatment after 1 week of recovery.

During the treatment of the cancer cells, the success rate was observed to be generally higher
than expected from the literature. Since both the drugs and the dyes are effluxed by the same
mechanism of the P-glycoprotein transporter, it can not be ensured that the dyeing process
and the treatment do not affect each other since they are competing to be transported out by
the pumping system. By washing the drugs from the cells before staining, interference
between the drugs and the dyes could be reduced. However, if the cells are to be visualised by
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way of time-lapse the problem of interference has to be considered when choosing dye
concentrations. Additionally, the usage of Verapamil may, as previously discussed, decrease
the cancer cells natural resistance, leading to a possible enhancement of the treatment due to
the drugs staying in the cells for a longer period of time.

To solidify these findings one would need more replicates than one to eliminate biological
and technical variations. These discoveries are necessary for developing more effective
chemotherapies which will improve the healthcare for cancer patients. In addition, the
treatment's effect on cellular morphology appears to be mostly in line with the respective
gene ontological results from the literature.

6.2.1 Comparison with gene regulation for K562

The effect of the Doxorubicin treatment found here majorly coincided with the literature on
the cells downregulation of DNA repair and stress response genes. While the cells after 6
hours of Doxorubicin treatment only showed a slight response compared to the zero control,
the effects became clearer with time. After 24 hours, some cells showed collapsed
membranes, and the uptake of dye was observed to have increased, which indicates possible
downregulation of said genes. In a similar manner, the literature states that Doxorubicin
treatment upregulates genes associated with the plasma membrane, possibly explaining the
increase in dye uptake seen. The apoptotic cells with dispersed DNA after 1 week of recovery
may suggest nucleus disintegration, further indicating stress response down regulation.

For the corresponding Vinblastine treatment, the cells in the zero control sample and 6 hour
sample had similar morphology which is not consistent with literature that found drug effects
already at 6 hours. As Vinblastine is known for its effect on tubulin, it is expected that it
would have an effect on genes associated with the cytoskeleton and microtubule binding
which was shown during the 24 hour sample and in the 1 week recovery sample where
microtubules were observed to be heavily scattered inside the cells. The literature points
towards the cells being affected by the drug and trying to recover after 1 week, but this could
not be observed as the amount of damaged cells increased with time.

6.2.2 Comparison with gene regulation for L428

During the time-lapse for the L428 cell line, similarly to the Doxorubicin treated K562 cell
line, morphological changes of the cells, such as altered shape of the stained DNA, majorly
aligns with the literature on gene regulation, since the DNA repair pathways were activated
indicating that DNA damage had occurred. However, the altered shapes of the cells, most
notably visible during the 1 week recovery sample, could also be due to apoptosis, suggested
by the effect on apoptosis related genes. Further the blue smears-like tails in the images
captured for the Vinblastine treatment which were proposed to be due to apoptosis also align
with gene ontological studies showing upregulation of apoptosis related genes after 24 hours
of treatment. After 1 week of recovery from Doxorubicin treatment the cells were highly
apoptotic, also in line with the literature.
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6.3 Hardware and software

A problem that arose during the first few laboratory sessions was the malfunctioning of the
temperature control unit, resulting in temperatures around 32°C instead of the desired 37°C.
Whether the lower temperatures affected the results is however difficult to ascertain since the
cells only spent up to a maximum of 30 minutes in the enclosure. During the image capture of
the double staining, the images were initially taken a few seconds apart. This resulted in a
non-optimal overlay between the two images of up to a few um, because of vibrations from
touching the desk. The solution to this was simultaneous image capture, which was applied
for the drug recovery images.

6.4 Conclusions

In conclusion, the goal of developing and optimising a protocol for live-cell imaging was
achieved. Images could be captured at substantially lower concentrations of dye than the
range recommended by the manufacturer, making the discussed optimal concentrations of
0.05 pg/ml Hoechst and 2 pg/ml ViaFluor for K562 and 0.005 pg/ml Hoechst and 1 pg/ml
ViaFluor for L428 usable for longer studies where the cells are regularly illuminated.

The drug treatment process was successful and the cells treated with either Doxorubicin or
Vinblastine showed a clear response with incremental changes over the time series.

An important aspect to consider is that as the project progressed, the group became better at
both the staining process and working the software for the microscope, therefore the
differences that was perceived between images could just be a result of staining or choice of
microscope settings, and not actual cellular changes, leading to possible overanalyzing of
some images. To eliminate this source of error, the lab work would have to be re-done using
the finished protocol from the start. Due to the dyes competing for the same efflux
mechanism and Verapamil decreasing its rate, lower concentrations of Hoechst and ViaFlour
could be used and Verapamil could be disregarded for the process when studying cells during
a time-lapse. Alternatively, if the visualisation becomes too poor, a change in drug
concentrations could be considered since the cells exposure to treatment would be enhanced
when the drugs are used in combination with the dyes because of the same efflux mechanism.
This correlation would have to be further studied. Additionally, for future research in
fluorescence live-cell imaging, the recommendation would be to use more replicates, possibly
eliminating errors seen in this study. Furthermore, it is expected that there are even more
settings and ways to operate the microscope because of the breadth of the software NIS
Elements, that could give increased image quality and standardisation of image capture.
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A Appendix
A.1  Total Count

Table 2 and 3 below shows that at Oh (adding medication), 24h, and 24h plus 1 week of
recovery for the two cell lines K562 and 1.428.

Table 2. Total count before adding drugs to cell line K562.

Time point Million cells/ml
0 hour Negative Control 0.588
Doxorubicin Vinblastine
24 hours 0.297 0.15
24 hours + 1 week recovery 0.01 0.04
Table 3. Total count before adding drugs to cell line L428.
Time point Million cells/ml
0 hour Negative Control 0.773
Doxorubicin Vinblastine
24 hours 0.193 0.203
24 hours + 1 week recovery 0, unknown 0, unknown

A.2  Calculations

A2.1.
A2.1.1.

XV, = C,xV,
= 0.005 pg/ml
2ml

= 10 pg/ml
=5ul

A.2.1.2. Calculating
C1 X V1 = 62 X V2
C, = 0.01pg/ml

2ml

Calculations for Hoechst
Calculating concentration 0.005 pg/ml

concentration 0.01 ug/ml
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C, = 10 pg/ml

V.= 10ul

A.2.1.3. Calculating concentration 0.05 ug/ml
X V1 = C2 X V2
= 0.05 pg/ml
=2ml
= 10 pg/ml
= 50ul

A.2.1.4. Calculating concentration 0.1 ug/ml
XV = C2 X V2
= 0.1pg/ml
=2ml
= 10 pg/ml
= 105 ul

A.2.1.5. Calculating concentration 0.2 ug/ml
X V1 = C2 X V2
= 0.2 pg/ml
=2ml
= 10 pg/ml

= 220 ul

A.2.2.  Calculations for ViaFluor
A.2.2.1. Calculating concentration 0.5 pg/ml

><V1= Cz><V2
= 0.5 pg/ml
=2ml

= 1pg/ml
=1ul
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A.2.2.2. Calculating concentration 1 pg/ml

C,xV, = C XV,
C1= 1pg/ml

V. =2ml

1

C1= 1ug/ml
V.=2ul

A.2.2.3. Calculating concentration 2 pg/ml

Cle1= CZXV2
61=2ug/ml
V1:2ml

C1= 1pg/ml
V.=4ul

A.3  Protocols
A.3.1. Dyeing the two cell lines L428 and K562 with Hoechst

Dyeing the two cell lines: L428 and K562 with Hoechst for live-cell imaging with the
microscope Nikon Eclipse Ti2-E Live-cell Fluorescence Imaging.

Authors:
Mans Ekeroth, Kristina Matty, Maryam Marzban, Lina Lofstrand, Fatemeh Heydari, Ella
Wigert

Affiliations:

KTH Royal Institute of Technology
SciLifeLab

1. Introduction:

In this protocol the cell lines L428 (Hodgkin’s lymphoma) and K562 (Erythroleukemia) were
dyed with Hoechst 33342, a fluorescent dye, to prepare the cells for visualisation during
live-cell imaging. With Hoechst 33342 the DNA in the cells could be studied closer,
especially during cell replication where the microtubules are the components that divides the
cells chromosomes correctly into the two new cells that are formed.
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2. Materials and preparatory procedures applied

2.1. Preparatory procedures applied
Begin by heating the media to 37°C by using a water bath, and taking the dye out of the
freezer to thaw.

Table 4. Reagents used.

Name of reagent Manufacturer
RPMI-1640 Media Gibco
Fetal Bovine Serum, heat inactivated Sigma Life Science. Lot: 19A124

2.2. Equipment set-up.
Turn on the laminar flow hood and prepare one container for waste and one container with
the media that will be used for washing the cells. Then prepare two tubes where the media
with the cells will be pipetted to. Adjust the pipettes to the correct volumes.

3. Methods according to protocol:

1.  Pipette 2 ml of L428 and K562 into two separate, labelled tubes.

2. Make a2 pg/ml dilution of Hoechst.

3. Pipette 0.05 pg/ml (51 pl) of Hoechst dilution into the tube with K562 cells and
0.005 pg/ml (5 pl) into the tube with L428 cells. Make sure to keep the dyed cells
covered as much as possible from light since overexposure affects the
fluorescence negatively.

Incubate for 30 minutes in a 37°C + CO, cell culture incubator.
5. Wash both cell lines three times in total:

5.1

5.2.
5.3.
54.
5.5.
5.6.

Centrifuge (300g for 5 min), then make sure a pellet of the cells has formed at
the bottom of the tube and dump the media in the waste container.

Refill with new, “fresh” media, about 2 ml into the tubes.

Centrifuge again (300g for 5 min).

Switch media again.

Centrifuge again (300g for 5 min).

After the final wash, pipette precisely 2 ml new media into the tubes. Once
again: Make sure to keep the dyed cells covered as much as possible from
light since overexposure affects the fluorescence negatively.

6.  Transfer to the microscope and capture images.

4. Expected results:

DNA of dyed cells should be visible and blue when using the DAPI filter.
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A.3.2. Dyeing the two cell lines L428 and K562 with ViaFluor 647

Lab protocol for dyeing the two cell lines: L428 (Hodgkin’s lymphoma) and K562
(Erythroleukemia) with ViaFluor for live-cell imaging with the microscope Nikon Eclipse
Ti2-E Live-cell Fluorescence Imaging.

Authors:
Mans Ekeroth, Kristina Matty, Maryam Marzban, Lina Lofstrand, Fatemeh Heydari, Ella
Wigert

Affiliations:

KTH Royal Institute of Technology
SciLifeLab

1. Introduction:

In this protocole the cell lines L428 (Hodgkin’s lymphoma) and K562 (Erythroleukemia)
were dyed with ViaFluor, a fluorescent dye, to prepare the cells for visualisation during
live-cell imaging. With ViaFluor the microtubules in the cells could be studied closer,
especially during cell replication where the microtubules are the components that divides the
cells chromosomes correctly into the two new cells that are formed.

2. Materials and preparatory procedures applied

2.1. Preparatory procedures applied
Begin by heating the media to 37°C by using a water bath, and taking the dye with the
verapamil out of the freezer to thaw.

Table 5. Reagents used

Name of reagent Manufacturer
RPMI-1640 Media Gibco
Fetal Bovine Serum, heat inactivated Sigma Life Science. Lot: 19A124

2.2. Equipment set-up.
Turn on the laminar flow hood and prepare one container as waste and one container with the
media that will be used for washing the cells. Then prepare two tubes where the media with
the cells will be pipetted to. Adjust the pipettes to the correct volumes.

3. Methods according to protocol:

1.  Pipette 2 ml of L428 and K562 into two separate, labelled tubes.
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2. Then pipette 2 pg/ml ViaFluor and 1 pl of Verapamil into the tube containing K562,
and 1 pg/ml ViaFluor 1 pl of Verapamil into the tube with L428. Make sure to keep
the dyed cells covered as much as possible from light since overexposure affects
the fluorescence negatively.

3.  Incubate for 30 minutes in a 37°C + CO, cell culture incubator.

4. Wash both cell lines three times in total:

4.1.  Centrifuge (300g for 5 min), then make sure a pellet of the cells has formed at
the bottom of the tube and dump the media in the waste container.

4.2.  Refill with new, “fresh” media, about 2 ml into the tubes.

4.3.  Centrifuge again (300g for 5 min).

4.4.  Switch media again.

4.5.  Centrifuge again (300g for 5 min).

4.6.  When the media is switched for the final time, pipette precisely 2 ml new
media into the tubes. Once again: Make sure to keep the dyed cells covered
as much as possible from light since overexposure affects the fluorescence
negatively.

5. Transfer to the microscope and capture images.

4. Expected results:
Microtubules should be visible and red when using the CyS5 filter.
References:

Protocol “washing 3 times” from source:
https://www.promega.com/-/media/files/resources/paguide/letter/chap10.pdf

Protocol “ViaFluor livecell microtubule stain” from source:
https://www.interchim.fr/ft/ A/AWGXYA.pdf

A.3.3.  Double staining of the two cell lines, L428 and K562 with
Hoechst 33342 and ViaFluor 647

Lab protocol for double staining of the two cell lines: L428 (Hodgkin’s lymphoma) and K562
(Erythroleukemia) with Hoechst 33342 and ViaFluor for live-cell imaging with the
microscope Nikon Ti2-E

Authors:
Mans Ekeroth, Kristina Matty, Maryam Marzban, Lina Lofstrand, Fatemeh Heydari, Ella
Wigert

Affiliations:

KTH Royal Institute of Technology
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ScilLifeLab

1. Introduction:

In this protocol the cell lines L428 (Hodgkin’s lymphoma) and K562 (Erythroleukemia) were
dyed with Hoechst 33342 and ViaFluor 647, a fluorescent dye, at the same time to prepare the
cells for visualisation during live-cell imaging. With Hoechst the DNA in the cells could be
studied closer, while with ViaFluor microtubules can be studied, especially during cell
replication where the microtubules are the components that divide the cell's chromosomes
correctly into the two new cells that are formed.

2. Materials and preparatory procedures applied

2.1. Preparatory procedures applied
Begin by heating the media to 37°C by using a water bath, and taking the dyes out of the
freezer to thaw.

2.2. Equipment set-up.
Turn on the laminar flow hood and prepare one container for waste and one container with
the media that will be used for washing the cells. Then prepare two tubes where the media
with the cells will be pipetted to. Adjust the pipettes to the correct volumes.

3. Methods according to protocol:

Pipette 2 ml of L428 and K562 into two separate, labelled tubes.

Make 2pg/ml dilution of the Hoechst 33342

Pipette 0.05pg/ml of Hoechst 33342 and 2pug/ml ViaFluor into the K562 cells.
Then pipette 0.005 pg/ml of Hoechst 33342 and 2pg/ml ViaFluor into the 1428 cell
lines.

Sl e

5. Add 1 pl of Verapamil to all samples.
Make sure to keep the dyed cells covered as much as possible from light since
overexposure affects the fluorescence negatively.
6.  Incubate for 30 minutes in a 37°C + CO2 cell culture incubator.
7. Wash both cell lines three times in total:
7.1.  Centrifuge (300g for 5 min), then make sure a pellet of the cells has formed at
the bottom of the tube and dump the media in the waste container.
7.2.  Refill with new, “fresh” media, about 2 ml into the tubes.
7.3.  Centrifuge again (300g for 5 min).
7.4.  Switch media again.
7.5.  Centrifuge again (300g for 5 min).
7.6.  When the media is switched for the final time, pipette precisely 2 ml new
media into the tubes. Once again: Make sure to keep the dyed cells covered

44



as much as possible from light since overexposure affects the fluorescence
negatively.
8.  Transfer to the microscope and capture images.

4. Expected results:

DNA of dyed cells should be visible and blue when using the DAPI filter, and microtubules
should be visible and red when using the Cy?5 filter.

References:
Protocole “washing 3 times” from source:

https://www.promega.com/-/media/files/resources/paguide/letter/chap10.pdf

A.3.4. Treatment of the two cell lines K562 and L.428 with
Doxorubicin and Vinblastine

Lab protocol for treating the two cell lines: L428 (Hodgkin’s lymphoma) and K562
(Erythroleukemia) with Doxorubicin and Vinblastine

Authors:
Mans Ekeroth, Kristina Matty, Maryam Marzban, Lina Lofstrand, Fatemeh Heydari, Ella
Wigert

Affiliations:

KTH Royal Institute of Technology
SciLifeLab

1. Introduction:

In this protocol the cell lines L428 (Hodgkin’s lymphoma) and K562 (Erythroleukemia) were
treated with cancer drugs Doxorubicin and Vinblastine. The effects of these drugs were later
studied through live-cell imaging with the Nikon Ti2-E microscope.

2. Materials and preparatory procedures applied

2.1. Preparatory procedures applied

2.2. Equipment set-up.

Turn on the laminar flow hood and place the drugs in room temperature to thaw them. Take
the cell cultures out of the incubator and place them in the flow hood.
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3. Methods according to protocol:

1.  Calculate the correct volume of Doxorubicin and Vinblastine to add. Stock solutions
are 1 mM, and desired final concentrations in cell culture are 1uM for both drugs.

2.  Pipette the calculated volume of drugs into the cell culture flasks.

3. Place the cell culture flasks back into the incubator until it is time to take samples..

4. Expected results:

During microscopy, changes in cell morphology and health should be visible. Cells treated
with Doxorubicin might have damaged and dispersed DNA, while cells treated with
Vinblastine might be stretched out, or stuck in the middle of the cell division phase.
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