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Abstract

Mantle cell lymphoma is a rare and agressive form of cancer which is usually discovered in

either stage III or IV. Although progress is being made in the discovery of new therapies,

there are no curative therapies available at the moment, incentivizing further research into

new therapies. Mantle cell lymphoma finds protection from chemotherapy as well as an

optimum for proliferation in the lymph nodes. In transportation to the lymph nodes, cell

surface receptor CCR7 has been identified as a central, and subsequently as a potential

therapeutical target. Expression of CCR7 has been linked to overexpression of lysine

demethylase KDM6B as it promotes development of euchromatin in the region of CCR7’s

transcription, which grants transcriptional machinery access. GSK-J4 is characterized as

a specific KDM6B inhibitor and the study has thus through qPCR and FACS examined

the effect on both translation and transcription of CCR7 in a mantle cell lymphoma cell

line which has been treated with GSK-J4. Results did not acheive statistical significance

as a result of low sample sizes due to time constraints. Results could indicate a decrease

in both translation and transcription of CCR7 as a result of GSK-J4 treatment, but

further studies would need to confirm this by achieving statistical significance before any

meaningful conclusions can be drawn.
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1 Introduction

Lymphomas are a form of cancer caused by malignant tumors in the hematopoietic sys-

tem, consisting of tissue in the lymph nodes, bone marrow and the spleen[1]. Lymphomas

are categorized into two major groups, Hodgkin and non-Hodgkin lymphomas. Hodgkin

lymphomas are usually limited to the lymph nodes while non-Hodgkin lymphomas gen-

erally affect the lymph nodes, spleen and extranodal targets like the stomach[2].

1.1 Mantle Cell Lymphoma

Mantle cell lymphoma (MCL) is a rare and aggressive form of non-Hodgkin B-cell lym-

phoma caused by a rearrangement in the chromosome. A translocation between chromo-

some 11 and 14 t(11;14) leads to an over expression of cyclin D1, a protein regulating cell

cycle and metabolism[3]. Overexpression of cyclin D1 in B-cells can lead to inactivation

of tumor supressor genes, leading to an unregulated proliferation of the malfunctioning

B-cells[3]. By diagnosis, MCL has often reached stage III or IV and dissipated past the

lymph nodes to bone marrow and splenic tissue[3]. Thus far no curative treatment is

available with patient life expectancy of 5 – 7 years [3]. WHile several new therapies are

in clinical trials targeting a wide range of cellular mechanisms in MCL cells, these are not

demonstrating curative effects nor preventing relapse[4]. Reviews of the field have thus

suggested precision therapy as a focus in the search for a curative treatment for MCL [4].

1.2 Cellular Translocation

B-cell migration is necessary for the long term proliferation of lymphomas[2]. Migration

is primarily controlled by cytokines and chemokines and the detection of chemokines in

B-cells is responsible for the transportation of B-cells throughout the lymphatic system.

Specifically, the cell surface receptor C-C chemokine receptor 7 (CCR7) aids the trans-

portation of B-cells to the lymph nodes and enables the detection and subsequent target-

ing of infecting agents CCR7 has been showed to be up regulated in MCL cells compared
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to normally operating B-cells. Furthermore, it has been demonstrated that anti-CCR7

therapy in xenograft models is effective in minimizing both frequency and volume of MCL

tumors, likely as a result of inhibited migration and subsequent apoptosis[5].

1.3 Tumor Microenvironment

The tumoral microenvironment is the mixture of tumor cells and host cells and the

environment that they form[6]. The microenvironment primarily consists of immune cells,

stromal cells, vessels and connective tissue and is crucial in deciding growth and survival

of tumors and is to be considered when weighing therapeutic target in lymphomas [6]. In

B-cell lymphomas, interplay and adhesion with stromal cells enables modification of the

gene expression resulting in development of resistance and tumor growth[7]. In MCL the

tumor cells interact with both immunal and stromal cells which triggers cellular signaling

pathways, which can in turn change the gene expression. The tumor microenvironment

affects the epigenome of tumor cells, which can be induced to promote oncogenes. Changes

to the epigenome are highly dynamic and is constantly affected by extracellular signals.

The modifications are carried out by different enzymes which have in turn been identified

as possible therapeutic targets, aiming to reverse upregulation of oncogenes in order to

halt aberrant proliferation.

1.4 Chromatin Structure

Chromatin is the basic structure that scaffolds the chromosomal DNA of eukaryotes[8].

The chromatin complex is constructed of repeating nucleosomes around which the DNA

helix wraps[9]. The nucleosome consists of the four core histones H2A, H2B, H3 and H4

arranged in octamers[9]. Chromatin can be categorized into heterochromatin and euchro-

matin, where heterochromatin is a tightly packed structure which limits transcription of

the contained genes and euchromatin is a relaxed structure where the DNA helix loosely

packed[9]. Thereby the transcriptional machinery is either denied or given access to the
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DNA strand, enabling and disabling transcription of the associated genes[10].

Figure 1: Graphic of the crystal structure of chromatin, from [9]. The N-terminal tails
are shown extruding through the DNA helix (N).

Each core histone can be divided up into a histone fold domain and an N-terminal

tail[9]. The fold domains allow dimerization between H2A and H2B as well as H3 and H4,

maintaining the structural integrity of the nucleosome[8]. It has been demonstrated that

N-terminal tails portrude from the nucleosome and interact with nearby nucleosomes,

thus affecting the higher level structure of the chromatin[9]. The N-terminal tails can be

subject to modulation which changes the tail interaction between nucleosomes, which in

turn changes the higher level structure of chromatin[10]. Thus, depending on the state of

the N-terminal tail the chromatin packs either as euchromatin or heterochromatin which

in turn regulates expression of the genes in the region [8].

1.5 N-terminal tail modification

The packaging properties of the histones are subject to post-translational modulation

in a dynamic regulation of the groups and complexes that bind to the amino acids of

the N-terminal tails[10]. Modifications are carried out by various enzymes and common

changes include methylation, phosphorylation and acetylation[10]. Methylation can occur
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by addition of one, two or three methyl groups and depending on the amino acids that are

methylated, different enzymes lay down the mark[10]. Methylation primarily occurs on

either lysine or arginine and depending on which specific lysine or arginine that is marked,

higher level chromatin packaging is affected differently[10]. Should tri-methylation on

lysine 4 of Histone 3 (H3K4me3) occur, the chromatin will relax into euchromatin and

gene transcription in the region will increase[10]. In contrast, if tri methylation occurs

on lysine 27 on histone 3 (H3K27me3) the chromatin packs tighter into heterochromatin

which is in turn associated with decreased transcription[10].

H3K27me3 is a mark laid down by the enhancer of zeste homolog 2 (EZH2) enzyme[10].

Thus, expression of EZH2 can be associated with a decrease in gene expression[10]. Like-

wise, H3K27me3 is removed by the histone-lysine demethylase KDM6B.Depending on

the tumor microenvironment, KDM6B has identified both as an oncogene and a tumor

suppressing gene[11]. In malignant B-cells from patients diagnosed with MCL, Nuclear

Factor Kappa light-chain-enhancer of activated B cells (NFκB) has been identified as

a signaling pathway promoting transcription of migration and adhesion related genes,

specifically CCR7. In MCL, (NFκB) is assessed to be transcribed when H3K4me3 is not

laid down[11]. This has been associated with an over-expression of KDM6B[11]. Disabling

CCR7 through antibody treatment has showed repressed dissipation of MCL cells and

reduced probability of death in mice[11].

1.6 GSK-J4

GSK-J4 is a histone lysine demethylase inhibitor targeting H3K27me3 demethylase KDM6B[12].

As demonstrated by Heinemann et al. GSK-J4 is not inherently specific to KDM6B/A

but also demonstrates a weaker inhibition of other demethylases [13]. Generally, dysreg-

ulation of H3K27me3 has been identified as a biomarker for hematopoetic malignacies,

including MCL[14]. While not exhibiting hyperspecificity towards KDM6B, GSK-J4 has

been demonstrated reversing the upregulation of KDM6B in acute myeloid leukemia as

well as multiple myeloma in vitro resulting in increased H3K27me3 marking and subse-
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quent apoptosis[15]. The same study also demonstrated GSK-J4 obstructing tumor cell

growth of AML in vivo in mouse xenografts[15]. Considering the potential of GSK-J4 as

an inhibitor of H3K27me3 demethylase KDM6B it would be of interest to investigate the

impact of GSK-J4 on expression of cell surface receptor CCR7 in an MCL cell line.

1.7 Aim

The aim of the study is to investigate the effects of GSK-J4 on cell surface receptor CCR7

expression in MCL cells through analysis of CCR7 levels in cells of the JeKo-1 cell line,

in order to determine the therapeutic potential of GSK-J4 in treatment of MCL. The

secondary aim is to evaluate the transcription of CCR7 and assess divergence between

transcription and expression of CCR7 by analyzing RNA concentration in JeKo-1 treated

with GSK-J4.

2 Method

To assess expression of CCR7 and comparatively analyze the effect of GSK-J4 in MCL,

cells of the JeKo-1 strain were analyzed using fluorescence-activated cell sorting (FACS).

FACS is preferred over a more traditional western blot as it allows multiplexing, several

analysis on a single particle at the same time. In order to assess transcription of CCR7,

quantitative PCR (qPCR) was used. Both a negative and positive control was used. For

the positive control lipopolysaccharides (LPS) were used. Negative control omitted the

treatment.

10 µL of cells from the JeKo-1 strain were mixed with 10 µL of trypan blue and counted

using an automatic cell counter (ThermoFisher Countess 3). The cells were diluted to

contain approximately 106mL−1 cells.
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2.1 Treatment with GSK-J4

Three samples of 10 µL of JeKo-1 cells at a concentration of 106mL−1 cells were treated

with GSK-J4 and LPS respectively, while one sample was left untreated as a negative

control. GSK-J4 (Sigma-Aldrich) and LPS (Sigma-Aldrich) was pipetted into RNAse

free eppendorf tubes. GSK-J4 was diluted with dimethyl sulfoxide (DMSO) to a final

concentration 10 nM, and LPS was diluted with DMSO to a final concentration of 100

nM. The eppendorf tubes were vortexed for 5 seconds and incubated at 37 °C for 24

hours.

2.2 qPCR assay

2.2.1 RNA extraction

In order to assess the transcription of CCR7 in MCL cells, an assay of RNA levels for the

GSK-J4, LPS and control samples was administered. Incubated samples were centrifuged

for 6 minutes at 2, 500 rpm and the supernatant was aspirated. 600 µL of TRIzol (Sigma

Aldrich) was added and the lysate was vortexed for 5 seconds. The tubes were left at room

temperature for 10 minutes. 200 µL of chloroform was added and by turning them upside

down 8 times the tubes were mixed carefully. The lysate was left at room temperature

for 10 minutes and then centrifuged at 4 °C at 10,000 rpm for 20 minutes. This formed

three-phased tubes with a clear aqueous top layer, a middle layer of white precipitated

DNA and a bottom pink organic layer. The top layer was pipetted and placed in a sep-

arate eppendorf tube, careful so as not to withdraw any precipitated DNA which would

contaminate the samples. The withdrawn aqueos phase was diluted 2X with isopropanol

and gently mixed. The mixtures were left at room temperature for 10 minutes and subse-

quently centrifuged at 10,000 rpm for 30 minutes at 4 °C. Pellet formation was observed

and samples were placed on ice. Isopropanol was removed and the pellet was washed with

100 µL of 99 % ethanol and recentrifuged at 4 °C for 1 minute. The ethanol was withdrawn

and the process was repeated twice. After the last repetition the remaining ethanol was
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evaporated and the RNA pellet was dried. After drying but before crystallization occurs,

20 µL of DNase/RNase free water was added to the eppendorf tubes who were in turn

vortexed and centrifuged for 5 seconds respectively and placed on ice.

2.2.2 RNA concentration

Using a nanodrop (Implen NanoPhotometer®) the RNA concentration was assessed.

The sensor was cleaned with water and tissue and a blank using 2 µL of RNA free water

was run. 2 µL of each sample was run on the nanodrop, and the total RNA concentration

was analyzed.

2.2.3 Complimentary DNA synthesis

GSK-J4, LPS and control RNA samples were used to synthesize complimentary DNA

(cDNA) in order to run qPCR. RNA is not able to amplify in qPCR and thus cDNA is

synthesized. This is done using a reverse transcriptase enzyme as well as random sequences

of base pairs (random hexameres). The reverse transcriptase synthesises single stranded

DNA complimentary to the existing RNA strand, forming a copy of the extracted RNA.

A 2X Reverse Transcription Master Mix was prepared using Applied Biosystems Kit

for High Capacity cDNA. Per well, 2 µL of 10X RT Buffer, 2 µL 10X Random Hexamere

Primers, 1 µL Reverse Transcriptase and 0.5 µL of dNTP was added to the master mix,

calculated for 5.5 µL of master mix per sample. RNA was deposited to each sample to

contain 1 µg of RNA per well, calculated using the RNA concentrations obtained in the

RNA concentration analysis. Some salt impurities were noted but not sufficient to affect

cDNA synthesis. See appendix A for concentration plots.

5.5 µL of master mix and RNA was added to each well. Wells were filled with water to

contain a total 20 µL of reaction mixture. The plate was centrifuged briefly and run in a

thermal cycler programmed as demonstrated in 1 in order to facilitate synthesis of cDNA.

Synthesis occurs in step 2 and the subsequent heat shock in step 3 halts transcription

and seals the ends of cDNA. 1 µL of RNA in each well of 20 µL yields a concentration
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of 50 ngµL−1. An expected conversion of RNA to cDNA after synthesis is 5 – 10% and

cDNA concentration was thus calculated at 5 ngµL−1.

Settings: Step 1 Step 2 Step 3 Step 4
Temperature [°C] 25 37 85 4
Time [min] 10 120 5 Hold

Table 1: Program for cDNA synthesis in ThermoCycler

2.2.4 qPCR

qPCR works by amplifying specific genes using forward and reverse primers custom made

to match the gene of interest. When new strands are synthesized a special pigment binds

to the new DNA strand and fluoresces. Each fluorescence is detected and thus the growth

can be detected in real time. The gene of interest is amplified as well as a house keeping

gene. The house keeping gene used as a comparison is expected to be unaffected by the

treatment, in this case GSK-J4 and LPS. Both master mixes were prepared for a total of

30 wells using the quanities displayed in Table 2. The primers for CCR7 were special made

using UC Santa Cruz’s database (Forward: TGAGGTCACGGACGATTACAT, Reverse:

GTAGGCCCACGAAACAAATGAT).

Component Volume [µL]
RNase free water 145
SYBR green 180
F-Actin/CCR7 Primer 40

Table 2: Table of ingredients for the master mix used in qPCR of JeKo-1 cells

cDNA of GSK-J4, LPS and control samples was diluted 2X to a concentration of 2.5

ngµL−1 and 2 µL of compound was distributed in triplicates in each well of a 96 well plate

so as to have 5 ng of cDNA per welL. 10 µL of CCR7 or F-Actin Master Mix was added

to the respective cells so as each variant of cDNA had triplicates with each primer at a

total of well volume of 12 µL. The plate was centrifuged for 20 seconds to ensure even

distribution in the wells and was run in a StepOnePlus RT PCR initiated by denaturation

at 95°C followed by an annealing and extension phase at 60 °C repeated for 40 cycles.
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Results were analyzed using StepOnePlus 2.1 software which allowed detection of cycle

threshold values (CT), the number of cycles required to break a fluorescence threshold

value in place to eliminate background noise, for the different genes. If more cDNA is

present for a specific gene the CT value will be lower as it requires less cycles to amplify

and fluoresce past the threshold. The difference between CT values of CCR7 (∆CT ) and

the house keeping gene F-Actin was analyzed using

∆CT = CTF−actin − CTCCR7 (1)

and the ∆CT value was base 2 log transformed (2−∆CT ) to normalize the data set, as

it is not expected to be normally distributed. Normalized ∆CT values for GSK-J4, LPS

and control samples could then be compared to the ∆CT value of F-actin.

2.3 FACS assay

FACS enables sorting of cells based on the scatter of light as well as the fluorescence of

special antibodies that bind to cell surface receptors. Cells are passed in a stream in front

of lasers of differing wavelengths and the pigment in the antibodies is excited. Scatter is

detected by sensors which can be used to analyze both size and cell contents.

2.3.1 Antibody Titration

When using FACS as a method of analysis, gene specific fluorescent antibodies are used

for event detection. Antibodies bind to the gene that is analyzed and when excitation by

laser occurs they fluoresce, which is in turn detected by the sensors of the FACS machine.

Calibration of the amount of antibodies is essential in obtaining accurate results as an

oversaturation of antibodies will create background that reduces the resolution of the

results, while under-dosing will result in under detection of the cells passing the laser.

This analysis used a PE conjugated CCR7 antibody that had not previously been used in

analysis of JeKo-1 and thus a calibration was necessary. Dilutions of 1%, 2%, 3%, 5% and
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10% were analyzed with a fixed concentration of JeKo-1 cells in order to determine the

optimal concentration for separation. This was done through graphing the percentage

of PE positive events and identifying where the increase in percentage of PE-positive

events, the slope, decreases. As show in Figure 2 a solution of 5% , or 1:20, is optimal

for separation as increases beyond that no longer results in a substantial increase in PE-

positive events. Thus, this was used for the FACS multiplex assessment of CCR7 levels in

JeKo-1. Events were gated to eliminate debris and background, and gating for single cell

events was performed to eliminate doubletes (clumped cells). See appendix B for gating

strategies for the respective samples.

Figure 2: Showing percentage of PE-positive events for the antibody titration of PE-
CCR7 for varying concentrations

2.3.2 FACS

Cells from the JeKo-1 cell line were counted at a concentration of 2.36 × 106mL−1 and

diluted 10X. GSK-J4 from a stock solution was diluted to 10 nM and stock LPS was

diluted to 100 nM. 50 µL of cell solution was deposited into 12 wells respectively in a

96-well plate and a gradient of volumes of GSK-J4 and LPS was added. GSK-J4 volumes

were 0.2 nM, 0.4 nM, 0.5 nM, 0.8 nM and 1 nM and LPS was 1 nM, 2 nM and 3 nM.
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Cells were left to incubate over night. PE-CCR7 antibodies were added to each well to

a final concentration of 1:20 and the plate was shaken for 15 minutes under aluminum

foil so as not to degrade the fluorescence of the antibodies. The plate was refrigerated

under aluminum foil and run through a MACSQuant Analyzer 10 FACS with high flow.

Events were gated to eliminate debris and background. Gating for single cell events was

performed to eliminate doubletes (e.g. clumped cells) and to separate PE-positive and

negative events, with positive events indicating that fluorescent antibodies were detected.

The percentage of PE-positive events of CCR7 can then be compared for the different

concentrations. See appendix C for gating strategies for the respective samples.

3 Results

Results for FACS are shown as a comparison between the amount of PE-positive events

for the house keeping gene Actin and CCR7. qPCR results show mean cT values for

CCR7 for compunds treated with GSK-J4, LPS and control samples.

3.1 FACS assay

Figure 3 shows percentage of PE-positive events for varying concentrations of GSK-

J4, including a negative control, demonstrating a decrease in PE positive events as the

concentration of GSK-J4 increases. The negative control shows that no PE-positive events

were detected when no JeKo-1 cells were present.
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Figure 3: Percentage of PE-postive events for varying concentrations of GSK-J4, including
a negative control, from FACS.

Figure 4 shows PE-positive events for varying concentrations of LPS and the negative

control. This demonstrates an increase in PE-positive events as the concentration of LPS

is increased. The negative control shows that no PE-positive events were detected when

no JeKo-1 cells were present.

Figure 4: Percentage of PE-postive events for varying concentrations of LPS, including a
negative control, from FACS.
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3.2 qPCR assay

Figure 5 shows the average log transformed ∆CT values for the respective samples, show-

ing that cDNA for CCR7 in GSK-J4 and LPS took longer to amplify past the noise

threshold compared to the control. Since the sample size was too low to obtain standard

deviations, standard error of the mean was generated for error bars showing the largest

error for the control sample.

Figure 5: Average log transformed ∆CT values for the control, GSK-J4 and LPS samples
obtained using qPCR of cDNA samples, with error bars generated using the standard
error of the mean.

4 Discussion

An overall decrease in both transcription and translation of CCR7 in JeKo-1 can be

observed when cells are treated with GSK-J4. LPS transcription is decreased while trans-

lation increases. Most importantely, statistical signficance could not be demonstrated

due to low sample sizes as a result of a time constraints, and thus meaningful conclusions

regarding the efficacy of GSK-J4 could not be drawn.
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4.1 RNA assay

The results in Figure 5 indicate a decrease in transcription of CCR7 as a result of treat-

ment with GSK-J4 when compared with the control. Likewise, a decrease in the tran-

scription of LPS can be noted as seen in figure 5. This contradicts the expectation of

LPS acting as an enhancer of CCR7. However, it should be considered that the standard

error of the mean values demonstrated a large variance in the results. This variance is es-

pecially prevalent in the control group which complicates any comparisons with GSK-J4

and LPS treated samples. Due to time constraints, only technical replicates were carried

out and therefore acquiring statistical significance is out of scope for this study. Biological

replicates are preferred as they use different sub populations of cells and therefore show

a variance in the population, more comparable to the real world. This reduces the risk of

results being limited to specific subset population of cells. Further research would have

to carried out on transcription levels of CCR7 after treatment with GSK-J4 and LPS to

draw any meaningful conclusions, but a decrease in transcription is not necessarily linked

to a decrease in translation which should be examined independenty.

4.2 FACS assay

Figure 3 demonstrates a decrease in expression of CCR7 on the cell surface of JeKo-1 as

the concentration of GSK-J4 increases, indicating a result that confirms the effectiveness

of GSK-J4 as an indirect inhibitor of CCR7 in MCL. This is in line with previous research

suggesting GSK-J4 as an inhibitor for KDM6B, resulting in an increase of H3K27me3

markings. This would in turn lead to a transformation to heterochromatin, decreasing

expression of the NFκB pathway which in turn down-regulates CCR7 as seen in figure

3, which would be the likely explanation for the results obtained. However, due to time

constraints, no biological replicates were examined and no statistical tests could be done.

Despite this, an indication can indeed be observed which should incentivize further re-

search including biological replicates and different cell lines. Figure 4 shows the increase
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in CCR7 expression as the LPS concentration increases. This falls in line with the expec-

tation of LPS as an enhancer of CCR7. This stands in contrast to the decrease shown in

figure 5, demonstrating a decrease in transcription but an increase in translation. While

counter intuitive, this could be attributed to LPS promoting reuse of activated CCR7 and

preventing degradation, thus increasing expression. The decrease in transcription could

be explained by feed forward inhibiton mechanisms that come into effect when CCR7 is

already present on the cell surface.

4.3 Implications

The demonstrated decrease in both translation and transcription of CCR7 in MCL cells

as a result of GSK-J4 treatment may suggest a possible use for GSK-J4 as a treatment for

MCL. Increased inhibition of CCR7 would reduce probability of migration to the lymph

nodes of malignant B-cells, decreasing the amount of cells protected from chemotherapy

but also minimizing the cells that reach their niche. This could in turn lead to reduced

proliferation of malignant B-cells, inducing apoptosis. Preventing MCL cells from reaching

their niche could increase efficacy of chemotherapy treatment leading to longer remissions

and decreased risk of relapse. Thus, GSK-J4 could demonstrate therapeutic potential for

synergistic use with other drugs, as has been suggested for other lymphomas as well as

acute myeloid leukemia.

4.4 Further research

Since the study cannot demonstrate statistical significance for neither the decreased tran-

scription nor translation of CCR7 due to low sample sizes, the first aim should be to verify

the results with biological replicates and demonstrate statistical significance. Should the

results be verified, examination on different cell lines such as CCMCL1 or Mino can be

carried out. Once verified to a satisfactory degree, research could proceed to in vivo ex-

periments. A proposed method that has been used in examination of AML is a human
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xenograft model in mice. Examining potential side effects of GSK-J4 both on MCL cells

and host cells in the tumoral microenvironment is necessary in in vivo testing. The pri-

mary purpose of further research should be to decide viability of GSK-J4 as a therapy

for MCL.

4.5 Conclusion

In conclusion, the study demonstrates a decrease in both transcription and translation of

CCR7 in the MCL cell line JeKo-1 after treatment with the compound GSK-J4. However,

since the scope of the study was limited to a proof of theory no statistical significance

can be granted to the results and no meaningful conclusions can be drawn. The results

could indicate GSK-J4 as a potential complimentary treatment for MCL, though further

research needs to be conducted in order to achieve statistical significance before any such

conclusions can be drawn.
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