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ABSTRACT 

Unveiling the role of PAK2 in CD44 mediated inhibition of proliferation, 
differentiation and apoptosis in AML cells 

 
Mansour Mohammed Saleh Aldehaiman 

 
 

Acute myeloid leukemia (AML) is a heterogeneous disease characterized by the 

accumulation of immature nonfunctional highly proliferative hematopoietic cells in the 

blood, due to a blockage in myeloid differentiation at various stages. Since the success of 

the differentiation agent, All-trans retinoic acid (ATRA), in the treatment of acute 

promyelocytic leukemia (APL), much effort has gone into trying to find agents that are able 

to differentiate AML cells and specifically the leukemic stem cell (LSC). CD44 is a cell 

surface receptor that is over-expressed on AML cells. When bound to anti-CD44 

monoclonal antibodies (mAbs), this differentiation block is relieved in AML cells and their 

proliferation is reduced. The molecular mechanisms that AML cells undergo to achieve this 

reversal of their apparent phenotype is not fully understood. To this end, we designed a 

study using quantitative phosphoproteomics approaches aimed at identifying differences 

in phosphorylation found on proteins involved in signaling pathways post-treatment with 

CD44-mAbs. The Rho family of GTPases emerged as one of the most transformed pathways 

following the treatment with CD44-mAbs. The P21 activated kinase 2(PAK2), a target of the 

Rho family of GTPases, was found to be differentially phosphorylated in AML cells post-

treatment with CD44-mAbs. This protein has been found to possess a role similar to that of 

a switch that determines whether the cell survives or undergoes apoptosis. Beyond 

confirming these results by various biochemical approaches, our study aimed to determine 
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the effect of knock down of PAK2 on AML cell proliferation and differentiation. In addition, 

over-expression of PAK2 mutants using plasmid cloning was also explored to fully 

understand how levels of PAK2 as well as the alteration of specific phospohorylation sites 

could alter AML cell responses to CD44-mAbs. Results from this study will be important in 

determining whether PAK2 could be used as a potential therapeutic target for AML once its 

levels are altered. 
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Chapter 1: Introduction 
   In 2018, it is estimated that 1.74 million individuals will develop cancer in the United 

States, an increase from the estimated 1.69 million in 2017 [1, 2]. Of the 2018 estimate, 

sixty thousand individuals will develop leukemia [2]. Leukemia is one of the most common 

cancers. It is often characterized as a cancer of the blood and it falls into four main 

subtypes: acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL), chronic 

myeloid leukemia (CML), and chronic lymphoblastic leukemia (CLL)[3]. Acute myeloid 

leukemia(AML) is the most prevalent type of acute leukemia[4]. Leukemia is one of the 

most common malignancies in Saudi Arabia, targeting both men and women alike; it is also 

the major form of cancer seen in children. Leukemia in general constitutes 5.9% of all 

cancers reported among Saudis for the year 2014 where 693 cases of leukemia, from which 

a total of 88 reported cases of Acute Myeloid Leukemia (AML), were identified (as per the 

latest published report from the Saudi Cancer Registry).  

 

Acute myeloid leukemia (AML) is a heterogeneous disease characterized by the 

accumulation of immature nonfunctional highly proliferative hematopoietic cells in the 

blood, due to a blockage in myeloid differentiation at various stages [5, 6]. An illustration 

showing where differentiation takes place can be viewed in Figure 1 [7]. The French-

American-British classification system has been used to define the various subtypes of AML 

(M0-M7) according to the morphology and to the stage of differentiation of the blasts 

(immature leukemic cells) [8-10]. 
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Figure 1. Common developmental blocks observed in myeloid leukemias. Cells where 
acute and chronic myeloid leukemia develop from are marked by red boxes and are 
classified through the FAB classification system according to the stage of differentiation 
blockage (From Krause and Van Etten, 2007). 

 
 
This classification system was revised in 2016 by the world health organization (WHO) to 

include immunophenotype, morphology, and genetic data. This new clarification system 

gave rise to six new AML classifications: AML with recurrent genetic abnormalities, 

Myeloid proliferations related to Down syndrome, AML with myelodysplasia-related 

changes, Myeloid sarcoma, Therapy-related myeloid neoplasms, and AML NOS (Not 

otherwise specified) [11, 12].  

        Complete remission and overall survival in AML patients is based on many factors but 

none more potent than the cytogenetic changes seen in leukemia cells [11]. Cases of AML 
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can be categorized as having favorable, intermediate, or adverse risk of prognosis solely on 

the specific cytogenetic profile of each case [11]. Chromosomal translocations are one of 

the main genetic defects, which contribute to the blockage of differentiation observed in 

AML, as they result in the generation of various fusion oncoproteins commonly observed in 

AML. For example, inv(16), t(8;21), or t(15;17) chromosomal rearrangements (which are 

related to a more favorable prognoses) and t(6;9), inv(3) or monosomy 5 or 7 (which are 

both related to more adverse prognoses) are often observed in AML patients [11, 13-15].  

Translocations often result in the formation of fusion oncoproteins that likely play a role in 

the differentiation and proliferation of hematopoietic cells [11, 16].  

For example, PML/RARα fusion protein occurs in high frequency in acute promyelocytic 

leukemia [9, 10, 17] . AML/ETO fusion protein is found in acute myelogenous leukemia [9, 

18] and CBFβ/MYH11 fusion protein is common in acute myelomonocytic leukemia [9, 10, 

19]. The RUNX1-RUNX1T1 chimera is an oncoprotein resulting from a translocation 

occurring between chromosomes 8 and 21 (t(8;21)[20]. In addition, mutant forms of 

transcription factors, important for myeloid differentiation such as PU.1 and C/EBPα, have 

been found in AML [9, 10, 21].  

The current therapy for AML is mainly treatment of the patient with chemotherapy and, 

when possible (donor compatibility, age of the patient, type of leukemia), a bone marrow 

transplant is added to the treatment. Unfortunately, these treatments are not completely 

efficient and relapse often occurs within 5 years. This relapse is thought to be initiated by 

the existence of a slow dividing chemotherapy-resistant Leukemic stem cell (LSC). It has 

been postulated that the leukemic clones could originate from a rare population of stem 

cells [10, 22]. These leukemic cells have the ability to home to bone marrow and generate 
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AML in immunodeficient SCID (severe combined immuno-deficiency) mice as Dick and 

colleagues reported in 1994. They also characterized them as CD34+CD38- cells within the 

immature population of cells in the bone marrow, and defined them as SCID leukemia 

initiating cells or SL-IC [23]. Hence, characterizing these leukemic initiating cells, which are 

similar to HSCs phenotypes has led to the hypothesis that leukemia is maintained by a 

small population of leukemic stem cells (LSCs), which are infinitely capable of self-renewal 

[10, 24, 25]. This body of work suggests that LSCs are responsible for the relapse of 

leukemia following conventional cancer therapy and thus imply that it is crucial to target 

their eradication in order to develop a sustainable cure of the disease. 

 

 

Stem Cells and Hematopoiesis 

     Blood, platelets, and white blood cells form in the body due to a process called 

hematopoiesis. This process occurs when an undifferentiated cell becomes more and more 

differentiated on its way to becoming a terminally mature functional cell that is no longer 

able to revert back to a stem cell state or proliferate. This process starts at the multipotent 

hematopoietic stem cell (HSC), which is accepted as the common ancestor of all blood cells. 

Through asymmetric division, the HSC maintains a pool of stem cells that are identical to 

itself and at the same time able to give rise to a cell that is committed to differentiate. The 

maintenance of this pool of HSCs is a very critical aspect of hematopoiesis as it is the reason 

why the numbers of HSCs in the body are maintained [26]. A detailed illustration of 

hematopoiesis can be viewed in Figure 2 [27]. 
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Figure 2. Hematopoiesis. Multipotent hematopoietic stem cells have the ability to 
differentiate into more lineage specific cells that have a more limited proliferation and 
differentiation ability. HSCs also have the ability to divide to maintain their own population 
(indicated by the curved arrow; from Sarvothaman et al 2015 [27]). 

 

Although hematopoiesis is a very precise and delicate process, it is not perfect. As stated 

previously, the cascade of hematopoiesis can be suppressed due to genetic changes 

between chromosomes that stop the differentiation process. This causes these 

undifferentiated cells to rain havoc in the bone marrow as they multiply uncontrollably, 

resulting in various leukemias. These cells then invade the bloodstream and other parts of 

the body causing secondary metastasis [28].  

 

       The first thing that eligible patients usually receive is induction chemotherapy. 

Induction therapy is administered by giving the patient drugs with a goal of inducing 

complete remission in the patient. The patient will usually go through the 7+3 regimen [11, 
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29] that includes the administration of cytarabine for seven continuous days followed by 

three days of anthracycline. The patient is usually checked 14 days after treatment by 

performing a core biopsy and bone marrow aspirate to determine if there is evidence of 

disease [13, 29].  This check is done as it has been shown that up to 50% of patients still 

show evidence of persistent disease and require another dose of induction chemotherapy. 

After achieving remission, patients are then provided consolidation chemotherapy. 

Consolidation therapy is mandatory since patients will usually experience relapse if 

induction treatment is stopped after remission. It is mainly administered to reduce the risk 

of AML relapse.  Consolidation therapy consists of many options including more 

chemotherapy at lower doses of cytarabine, which was shown to be as effective as the 

higher doses used in induction therapy [30-32]. It can also include hematopoietic stem cell 

transplantation (HSCT). Unfortunately, with all the advancement in medicine, a reliable 

cure has not been found. In a study conducted by the Swedish AML registry (depicting 

survival rates from Swedish citizens from 1997 to 2014), it was found that out of 6581 

patients, only 1337 individuals were still alive in 2014 [33-36]. Of those surviving 

individuals, 66% had survived at least three years but only 26% survived at least 10 years 

since their diagnosis [36]. Due to the high incidence of death and relapse in AML, it was 

hypothesized that there may be a small population of “sleeping” (i.e. quiescence) cells, 

LSCs, that may be resistant to chemotherapy and as a result cause the relapse of AML in the 

majority of patients [22]. 
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     LSCs are responsible for remission in AML as they can survive the chemotherapy 

treatment and are then able to repopulate the leukemic patient after treatment [37]. As 

discussed above, LSCs are hematopoietic stem cells that have lost their ability to undergo 

complete differentiation along various lineages and are unable to stop proliferating due to 

genetic alterations (Figure 3). These cells are also very rare and special because they have 

the ability to revert into a quiescence state that, in turn, helps them avoid being targeted by 

chemotherapeutic agents during chemotherapy [38]. This helps them in the initiation, 

sustenance, and relapse of leukemia. Most leukemic cells of the AML population possess a 

finite proliferation ability, which raises the hypothesis that there must be another leukemia 

population that is the cause of maintenance of leukemia [39]. That hypothesis was 

answered in a study conducted in 1994 where AML initiating cells were identified after 

transplantation into severe combined immune-deficient (SCID) mice showed that leukemic 

cells with a CD34+ and CD38- surface phenotype were able to home to the bone marrow of 

these mice and initiate AML serial transplantation models [39]. Interestingly, normal HSCs 

also express the same surface phenotype as those found in these LSCs, suggesting that 

leukemia cells may show hierarchical organization as seen in normal hematopoietic cells 

where a rare number of LSCs with an unlimited proliferation potential give rise to cells 

which lack this ability [40, 41]. Although both populations of leukemic cells can cause 

clinical problems, it is the LSC that must be eradicated to avoid any reinitiation of leukemia 

post-treatment. 
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Figure 3. Leukemic Stem Cell (LSC) Hypothesis. [A] Leukemic stem cells are cells that 
are derived from the hematopoietic stem cell (HSC) through special genetic mutations. 
Rather than differentiating into different terminal blood lineage cells, they indefinitely 
proliferate into many leukemic blasts that are characteristic of the blood cancer. [B] 
Leukemic stem cells can escape death from conventional chemotherapy as they are able to 
revert into a quiescence state that helps them avoid targeting by chemotherapeutic agents. 
New therapies targeting the LSCs are needed for complete eradication of disease. (From 
Cancer control © 2004 H. Lee Moffitt Cancer Center and Research Institute, Inc. [42]) 

 
 
Differentiation Therapy 

   As stated previously, the blockage of differentiation is a major problem that these 

leukemic cells cause. For this reason, a considerable amount of research funding and time 

has gone into trying to solve this problem. Unfortunately, due to the quiescent state of a 

small number of these leukemic cells, they are resistant to treatment. This prompted 

studies into the induction of differentiation of these quiescent cells as well as the non-

quiescent leukemic cells and then eradicate them all using already established 

chemotherapy agents in order to avoid relapse from any remaining cells [43]. Some success 

has already been documented using this therapy. One of the earlier successes in the 
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differentiation of AML cells came in 1973 when a study published showed that AML cells 

could be differentiated using IL-6 [44]. Shortly thereafter, it was also shown that All-trans 

retonoic acid (ATRA) was able to induce differentiation of leukemic cells, leading to the 

differentiation of ~90% of the AML cell line, HL-60 [45, 46]. Unfortunately for AML 

patients, ATRA has only been shown to work in acute promyelocytic leukemia (APL) 

specifically carrying a translocation in chromosomes 15 and 17 [47]. The usage of ATRA in 

treatment of APL is now a common practice and standard for treating APL but not other 

subtypes of AML. New research has shown that ATRA and molecules similar to it are not 

the only way to induce the differentiation of leukemic cells. A cell surface marker expressed 

on AML cells, CD44, may just be the key. Ligation of CD44 on AML cells with anti-CD44 

antibodies has been shown to induce their differentiation. Not only did ligation of CD44 

cause AML cells to differentiate, it inhibits their proliferation and also induces apoptosis 

[48-54]. Finally, ligation of anti-CD44 antibodies with CD44 has interestingly been shown 

in a study to even effect LSCs [55]. These finding have been significant for the ongoing 

battle with AML as it provides new hope and new direction in trying to understand this 

disease and in trying to ultimately find a cure. 

 

CD44 protein and its downstream signaling 

    Cluster of differentiation 44 (CD44) is a cell surface glycoprotein made up of a single 

polypeptide chain encoded by the CD44 gene [56, 57]. The CD44 gene is a complex gene 

which consists of 19 exons that can be found on chromosome 11 in humans [56, 58]. The 

gene consists of 10 variable regions in the middle exons while the 5 exons on each end are 

conserved [56](Figure 4 ). Exons 1-5 and exons 16-20 make up the normal/standard form 
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of this protein while the middle variable exons are alternately spliced to form 9 different 

CD44 variants [56, 59]. An illustration of CD44 can be seen in Figure 4 [56]. CD44’s normal 

functions include adhesion [60-62], lymph node homing, myelopoiesis, lymphocyte 

activation, etc. [63]. CD44 has been found to be expressed in a wide variety of tissues 

including the lungs, liver, pancreas, and the central nervous system while the variant forms 

of this protein are much more restricted in their tissue expression [63]. Interestingly, the 

normal form of CD44 has been shown to be equivalently expressed in both normal HSCs 

and LSCs [64]. When these populations of cells were treated with an anti-CD44 antibody, 

no effect was seen on the HSCs indicating that the antibody selectively targets the LSCs 

[64]. However, due to both these populations expressing a similar amount of CD44 (but 

differentially expressing the CD44v6 isoform) on their surface [55, 64]; a more narrowed 

downstream protein affected by anti-CD44 antibodies may be necessary to investigate in 

order to find a therapeutic target. 
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Figure 4. CD44 protein. CD44 is a cell surface glycoprotein consisting of 20 exons 
consisting of a variable region within the extracellular domain where variant exon 
products can be expressed. CD44 also consists of a transmembrane domain and a 
cytoplasmic tail where proteins can interact intracellularly (Taken from reference [56]). 

 

    As seen in Figure 4, many proteins can potentially bind the intracellular tail of CD44. Two 

very critical binding proteins are ERM and Merlin. When active (phosphorylated;P+), ERM 

attaches to CD44 and guides metastasis and cell proliferating efforts [65]. On the other 

hand, when inactive (unphosphorylated; P-), ERM functions as a tumor suppressor. When 

ERM is active (P+), Merlin is inactive (P+ by PAK2). This configuration of an active ERM and 
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inactive Merlin is what’s usually observed in cells that are proliferating or are getting ready 

to proliferate. 

 

A global phosphoproteomics MS study performed in our lab and analyzed using Ingenuity 

Pathway Analysis (IPA) indicated a number of pathways that could be perturbed by CD44-

mAb treatment. An overlay of the top pathways (Figure 5) provided some insight on how 

these pathways are interconnected and which pathways should be part of our initial focus 

for further biochemical downstream validation. As apparent from the diagram, five of the 

top pathways are highly interconnected. In fact Cdc42 signaling, regulation of Actin-based 

motility by Rho and RhoGDI signaling and signaling by Rho family GTPases are all branches 

of Rho signaling.  

 

Figure 5. IPA analysis of phosphoproteomic study performed on CD44-mAb treated 
HL60 cells. Illustrated here are the common molecules (whole numbers) and intersection 
points in the canonical pathways (red rectangles) found from our IPA data. Five of the top 
six have connections between them and also show up to eight molecules in common. They 
all show connections to Rho signaling. 
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Initially, we choose to follow up with the validation and characterization of the Rho 

signaling pathway in anti-CD44 mAb-induced differentiation/proliferation of AML cells. 

Figure 6 depicts the Rho signaling pathway molecules that exhibited change in their 

phosphorylation due to the treatment based on our phosphoproteomic data and analysis 

by IPA. Pathway activation is indicated by the number of molecules with phosphorylation 

up-regulation including PAK, ARP 2/3, cofilin, MYPT, ARHGEF and Integrin. 

 
Figure 6. Rho Signaling Pathway constructed using IPA data. Proteins showing 
increased phosphorylation are depicted by red shading (i.e. ARP2/3) and proteins showing 
decreased phosphorylation are depicted by green shading (i.e. PIP5K).  
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   In this study, we decided to focus on PAK proteins, specifically the unique isoform PAK-2 

identified in our dataset. This protein belongs to the P21 activated kinases (PAKs) family, 

which can be divided into two groups. Group 1 consists of PAKs 1-3 while group 2 consists 

of PAKs 4-6 [66]. In other studies, it has already been established that PAK1 could be used 

as a therapeutic target for AML since its inhibition induces differentiation and apoptosis 

[67]. PAK2 specifically caught our interest due to its involvement in the signal transduction 

downstream of CD44 triggering in our dataset. CD44 has the ability to activate different 

downstream pathways like the Ras-MAPK pathway, the PI3K/AKT pathway, and it is also 

involved in Rho GTPases activation[68]. The Rho family of GTPases includes many proteins 

but for the sake of simplicity we will mention only two, the G proteins Rac and Cdc42 [69]. 

These two proteins are important due to the fact that they are responsible for the 

activation of PAK2 and thus PAK2 is a downstream effector of them [69, 70]. Activation of 

PAK2 has been shown to aid the cell in survival while the cleavage of PAK2 by caspases can 

lead to apoptosis [69]. Activation of PAK2 is mediated through the binding of Cdc42 or Rac 

with full-length PAK2 protein where PAK2 is then phosphorylated [71]. The opposite 

happens in order to trigger apoptosis. To enforce the cell to undergo apoptosis, PAK2 must 

be cleaved by caspases in which the C-terminal fragment will travel to the nucleus and 

phosphorylate additional substrates, which then trigger apoptosis. Both modes of 

activation are highlighted in Figure 7. 
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Figure 7. Mechanisms of PAK-2 activation. PAK 2 can exhibit two different modes of 
activation. The first one involves activation by Cdc42 and Rac where the full length protein 
is active and promotes cell survival. The second mode of activation involves the cleavage by 
caspases where the C-terminal fragment travels to the nucleus and promotes cell death. 

 

We would like to further understand how the overexpression or the underexpression of 

PAK2 (and thus its activity) could affect proliferation and how it may also affect 

differentiation of AML cells due to the involvement of PAK2 in the CD44 signal transduction 

pathway. Through the overexpression of PAK2 using Wildtype PAK2 overexpression 

plasmid and a mutant PAK2 overexpression plasmid where Serine 20 was changed to an 

Alanine (to block the serine 20 phosphorylation site), we will be able to evaluate how PAK2 

phosphorylation or reduction of its phosphorylation level may have an effect on 

proliferation, differentiation, or apoptosis. 
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1.1 Objectives 
 
 
Objective 1: To determine the effect of PAK2 gene knock-down on AML cell proliferation 
and differentiation. 
 
 
Objective 2: To assess how the over-expression of PAK2 phosphorylation mutants may 
alter the proliferation and differentiation response of AML cells to CD44-mAbs. 
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 Chapter 2: Materials and Methods 
 

2.1 Culturing and Maintenance of Cells 

 
Three frozen vials of cell were ordered from ATCC: HL60, THP-1, and KG1a. Upon arrival, 

cells were thawed by placing them in a 37°C water bath with continuous mixing. Once the 

frozen cell pellet started to thaw but was not completely thawed, the cells were decanted 

directly into a 15mL falcon tube containing 9 mL of RPMI 1640 (10% FBS and 1% 

streptomyosin) in order to prevent the DMSO from killing the cells. Cells were then pelleted 

by centrifugation at 1200RPM for five minutes. Media above the cells was then discarded 

and 20 mL of fresh RPMI 1640 (10% FBS and 1% streptomyosin) was used to resuspend 

the cells. The re-suspended cells were then moved to a 25cm2 culturing flask (corning) and 

placed in the cell incubator (95% air, 5% CO2, 37°C).  

 
Cell cultures (HL60, THP-1, KG1a) were maintained by cell passage where the spent media 

is replaced with fresh RPMI 1640 (10% FBS and 1% streptomyosin ) media. Alternately, 

media can be added without the removal of the spent media. As per ATCC 

recommendations, cells are checked regularly to verify that they do not exceed a cell 

concentration of 1 X 106 cells/mL and maintained between 1 X 105 cells/mL and 1 X 106 

cells/mL. Cell cultures were passed once every 3 days to maintain the stated maintenance 

concentration.  
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2.2 Anti-CD44 mAb (A3D8 clone) treatment. 

A) Cellular proliferation (anti-CD44 mAb, A3D8) 

Eight million cells were collected from each AML cell lines (HL60, KG1a, and THP1) and 

were centrifuged at 1200RPM for five minutes prior to resuspending them in 8mL of warm 

RPMI 1640 (10% FBS and 1% streptomycin; Gibco). For each cell line, 2mL of the 

resuspended cells were placed in each of four wells of a 12 well plate (Falcon). Of the 4 

wells for each cell line, two wells were labeled as treated while the other two wells were 

labeled as untreated. To the “treated” wells, 25uL of A3D8 (CD44 mAb; NOVUS) was added. 

The plate was left to incubate in the incubator (95% air, 5% CO2, 37°C) and after 24, 48, 

and 72 hours, the cells were counted using Tryban blue exclusion procedure.  

B)  PAK2/PAK1 qPCR (anti-CD44 mAb) 

24 hours post passage to a cellular density of 600k cells/ml, 50 million cells from each AML 

cell line (KG1a,HL60,THP1) were collected and resuspended in 30mL of warm RPMI 1640 

(10% FBS and 1% streptomycin; Gibco). Each 30 ml were then distributed equally into 10 

wells of a 12 well plate (Falcon) (3mL per well) and half the wells were treated with 37.5 μl 

of A3D8 (i.e. “treated”) while the other half were left untreated (“untreated”) or treated 

with control isotype control antibodies depending on the experiment.  The cells were then 

collected from each plate at 1 h, 12 h, 24 h, 48 h, and 72 h and pelleted in 1.5 mL 

microcentrifuge tubes by centrifugation at 1200RPM and washed twice using cold PBS. 

Following washing the cells were then lysed using 1mL of TRIzol(R). DNA-free total RNA 

from lysate was then isolated using the PureLink(R) RNA Mini Kit (Thermo Fisher 

Scientific). RNA yield and quality were analysed using Qubit Assay Kit (Thermo Fisher 

Scientific) and Agilent 2100 Bioanalyzer, respectively. Total RNA was then converted to 
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cDNA using the High capacity cDNA Reverse Transcription kit (Thermo Fisher Scientific). 

QPCR was then conducted using the Fast SYBR Green Master Mix kit (Thermo Fisher 

Scientific). QPCR plate was distributed as seen in Table 1. Levels of β-Actin mRNA were also 

measured as a housekeeping gene control and were used to normalize the data.  

 

Table 1. Qpcr plate layout. qPCR plate layout that shows how the qPCR plate was 
organized. a PAK1 and PAK2 non-template control was added as a negative control. 

 

 
2.3 Knockdown transfection and anti-CD44 mAb treatment/Flow cytometry 

A) Knockdown Transfection in AML cell lines 

 
27 million AML cells (HL60, THP1, KG1a) were collected by centrifugation at 1200 RPM for 

five minutes. The reagent and supplement mixture (Lonza) is then prepared at a ratio of 

4.5:1 of room temperature reagent to supplement respectively. The mixture is then made 

up to a total 810 μl (90 μl for each of nine tubes). Following centrifugation, the media will 

be discarded and the cells will be suspended using the total amount of the reagent and 

supplement mix. 90 μl will then be pipetted into each of nine labeled tubes (concentration 

of 3 million cells/ 90 μl). 500 pMol of each specific siRNA (Ambion) is then added to 8 of 

the tubes. Tube 1 received 500 pMol of negative “scrambled” siRNA, Tube 2 received 500 



30 
 

pMol of PAK1 siRNA, Tube 3 recieved 500 pMol of PAK2 siRNA, Tube 4 received 500 pMol 

of PAK1 siRNA as well as 500 pMol of PAK2 siRNA. An exact repeat of this order is made for 

Tubes 5-8. One tube (Tube 9) received 1ul of GFP as a positive control (to be checked after 

12 h and 24 h). The cells were then transferred into a transfection cuvette (Lonza) and 

moved to the Lonza 4D transfection unit for transfection using the specific program for 

HL60 (EN138). Five minutes post-transfection, 500 μL of warm, antibiotic free RPMI 1640 

media (10% FBS; Gibco) was pipetted into the cuvettes containing the cells. A 1 mL sterile 

pipette (Lonza) was then used to transfer the media and cell mixture into wells of a 12 well 

plate (Falcon) already containing 1.5 mL of  warm, antibiotic free RPMI 1640 media (10% 

FBS). The plate was then placed in the incubator (95% air, 5% CO2, 37°C). After 12 h and 

24 h, the plate was removed and the cells from each well (condition) were counted using 

trypan blue exclusion. 2 X 105 cells were then collected and washed twice with PBS prior to 

lysis with a lysis buffer containing a ratio of 8.8:1:0.1:0.1 of NP40, Protease inhibitor, PMSF, 

phosphatase inhibitor respectively. The lysed cells were then centrifuged at 16000 RCF for 

30 minutes and the cell lysate was collected for further analysis. LDS sample buffer 

(Invitrogen) containing β-mercaptoethanol(Aldrich) was added to the whole cell lysates 

and were incubated at 70oC for 10 min. The samples were then run on an SDS-PAGE gel and 

prepared for Western-blot analysis following transfer to a PVDF membrane. The 

membrane was then blocked using a 5% milk solution in TBST buffer overnight prior to 

two 10 second TBST washes and an incubation with 1:1000 dilution of rabbit anti-PAK2 

primary antibodies (Ambion) for 2 h at room temperature on an UltraRocker (BIO-RAD) 

with 20 RPM speed. Following incubation with the primary antibodies, the membrane was 

then washed four times for five min each time on an UltraRocker at a speed of 90 RPM. The 
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membrane was then incubated at room temperature on an UltraRocker (BIO-RAD) with a 

1:5000 dilution of Goat Anti-Rabbit secondary antibodies (Ambion) that are conjugated 

with horse radish peroxidase (HRP). Again following incubation with the secondary 

antibody, the membrane was then washed with TBST four times for five min each time at a 

speed of 90 RPM on an UltraRocker.  The membranes were then incubated for one minute 

in a dark environment with a 1:1 ratio of Prime Peroxide Solution (Amersham) and Prime 

Luminol Enhancer Solution (Amersham) prior to imaging the membrane using the 

ChemiDoc™ MP Imaging System. 

 

B) Anti-CD44 mAb treatment  

4 X 105 cells from each population (untreated, PAK2 and PAK1 knocked down cells) were 

collected and resuspended in 1mL of RPMI 1640 (10% FBS and 1% penicillin 

streptomycin). Cells were then treated with 12.5 μL/mL of A3D8. Cells were counted every 

24 h up to 72 h using trypan blue exclusion. 

C) Flow cytometry (PE Annexin V Apoptosis Detection Kit I) 

1 mL of Binding buffer (10X) was diluted to 1X using distilled water. 1x105 HL60 cells were 

collected from all the experimental populations and washed twice using cold PBS. Cells 

were then re-suspended in 100 μl of the 1X Binding buffer. Cells were then double stained 

with 5 μl of Annexin V-PE and 5 μl of 7-AAD (some cells from the untreated, untransfected 

population were stained with only Annexin-V or only stained with 7-AAD or were left as 

unstained as controls). Cells were then incubated for about 15 min at room temperature in 
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the dark. Cells were then washed once using the 1X binding buffer and then analyzed using 

Flow Cytometry. 

2.4 PAK2 Transient Overexpression Transfection 

     45 million HL60 cells were collected by centrifugation at 1200 RPM for five minutes. The 

Reagent and supplement mixture (Lonza) was then prepared at a ratio of 4.5:1 of room 

temperature reagent to supplement respectively. The mixture was then made up to a total 

1350 μl (90μl for each of 15 tubes). Following centrifugation, the media was discarded and 

the cells were suspended using the total amount of the reagent and supplement mix. 90 μl 

were then pipetted into each of 15 labeled tubes (concentration of 3 million cells/90 μl). 

The overexpression plasmids (FUW-M2-PAK2 S20A, and FUW-M2-PAK2 wt) were then 

added in amounts of 0.5, 1.0, and 2.0 μg of mutant and of wild type PAK2 plasmid (for 

example: tube labeled (0.5 μg Mutant) received 0.5 μg of the mutant PAK2 Plasmid). One of 

the 15 tubes received 1μl of GFP as a positive control and two tubes did not receive any 

plasmids (negative controls). The cells are then transferred into a transfection cuvette and 

moved to the Lonza 4D transfection unit for transfection using the specific program for 

HL60 (EN138). Five minutes post-transfection, 500 μL of warm, antibiotic-free RPMI 1640 

media (with 10% FBS) were pipetted into the cuvettes containing the cells. A 1 mL sterile 

pipette (Lonza) was then used to transfer the media and cell mixture into wells of a 12-well 

plate (multiple plates are used) already containing 1.5 mL of  warm, antibiotic-free RPMI 

1640 media (10% FBS). The plate was then placed in an incubator (95% air, 5% CO2, 37°C). 

After 12 h and 24 h, the plate was removed and the cells from each well (condition) were 

counted using trypan blue exclusion. 200 thousand cells were collected and washed twice 

with PBS. Cells were then lysed with a lysis buffer contains a ratio of 8.8:1:0.1:0.1 of NP40, 
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Protease inhibitor, PMSF, phosphatase inhibitor respectively. The cells were then 

centrifuged and the whole cell lysate was collected for further analysis. LDS sample buffer 

(Invitrogen) containing β-mercaptoethanol (Aldrich) was then added to cell lysates and 

incubated at 70oC for 10 min. The samples were then run on an SDS-PAGE gel and prepared 

for Western-blot analysis following transfer to a PVDF membrane. The membrane was then 

blocked using a 5% milk solution in TBST buffer overnight prior to two 10 second TBST 

washes and an incubation with 1:1000 dilution of rabbit anti-Pak2 primary antibodies 

(Ambion) for 2 h at room temperature on an UltraRocker(BIO-RAD) with 20 RPM speed. 

Following incubation with the primary antibodies, the membrane was then washed four 

times for five minutes each time on an UltraRocker at a speed of 90 RPM. The membrane 

was then incubated at room temperature on an UltraRocker (BIO-RAD) with a 1:5000 

dilution of Goat Anti-Rabbit secondary antibodies (Ambion) that are conjugated with horse 

radish peroxidase (HRP). Again following incubation with the secondary antibody, the 

membrane was then washed with TBST four times for five minutes each time at a speed of 

90 RPM on an UltraRocker.  The membrane was then incubated for one minute in a dark 

environment with a 1:1 ratio of Prime Peroxide Solution (Amersham) and Prime Luminol 

Enhancer Solution (Amersham) prior to imaging the membrane using the ChemiDoc™ MP 

Imaging System. 

(((This entire procedure was repeated to generate another membrane using the pECE-M2-

PAK2 S20A and pECE-M2-PAK2 wt PAK2 overexpression plasmids))) 

     An experimental design similar to section 2.4 was used to produce three more PAK2 

over expression membranes. The procedure differed from that mentioned in the above 
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section (section 2.4) through the use of 0.5 and 0.25 μg of plasmids and a cellular collection 

at 4 h, 8 h, and 12 h. 

     A design similar to section 2.4 was used once more to produce a membrane where 0.5 μg 

of each plasmid was used to transfect HL60 cells and cellular collection occurred at 12 h 

and 24 h. 

 

2.5 Plasmid Preparations 

A) PAK2 overexpression plasmid”PAK2” 

    To construct the “PAK2” plasmid, two DNA fragments had to be joined through Gibson 

Assembly[72]. The first fragment was derived from the vector DNA plasmid Gateway® 

pcDNA™-DEST47 plasmid (Thermo fisher Scientific). PCR with Q5® High-Fidelity DNA 

Polymerase (NEB) was performed according to the 50 μl reaction protocol provided by 

New England BioLabs. Forward (5’TTCGATCTAGAATGGCTAG’3) and reverse 

(5’TTTGATCAAGCTTAACTAGC’3) primers were ordered from IDT and used at a final 

concentration of 0.5 μM for this PCR reaction. Following PCR, 1μL of product was then run 

on a 1% agarose gel with 1X GelPilot(Qiagen) dye at 75V for 35 minutes to confirm the 

success of the PCR reaction. 

This PCR was repeated to generate the second DNA fragment similarly to the first fragment 

with the exception that the addition of FUW-M2-PAK2 wt plasmid (Addgene) was used 

instead of the pcDNA™-DEST47 plasmid. Forward 

(5’gctagttaagcttgatcaaaATGGACTACAAGGACGATG’3) and reverse 

(5’gctagccattctagatcgaaTTAACGGTTACTCTTCATTG’3) primers were used for this PCR to 

generate the insert DNA fragment. Again, following PCR, 1 μL of the product was then run 
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on a 1% agarose gel with 1X GelPilot(Qiagen) dye at 75V for 35 minutes to confirm the 

success of the PCR reaction. The total remaining PCR products from both reactions were 

then run on a 1% agarose gel with 1X GelPilot(Qiagen) dye at 75V for 35 minutes. Both 

DNA fragments were then exesised out of the gel under UV light and inserted into a 1.5 mL 

microcentrifuge tube. The tubes were briefly centrifuged to place the DNA containing 

agarose to the bottom of the tube. The DNA fragments were then purified and eluted in 30 

μl of elution buffer using the Zymoclean gel DNA purification kit. 3 μL of Cutsmart Buffer 

(NEB) and 3 μL of DPN1 (NEB) were added to the purified DNA and incubated at 37oC 

overnight. The DNA concentration was then measured using the NanoDrop 

Spectrophotometer.  

    Gibson Assembly was performed by combining a 1:3 molar ratio of Vector linear DNA to 

insert linear DNA respectively. Vector and Insert DNA fragments were used to dilute 2X 

HiFi DNA Assembly Master Mix (NEB) to a final concentration of 1X. PCR was then run 

using specific presets for Gibson assembly which is as follows: 2h at 50 °C. 

Post-Gibson assembly, 50 μl of chemically competent TOP10 E.Coli bacteria were then 

transformed using 2 μL of Gibson Assembly Plasmid product. 2 μL of plasmid DNA was 

added to the bacteria in a 1.5 mL microcentrifuge tube and was incubated on ice for 15-20 

minutes. The bacterial cells were then incubated for one minute in a 42oC water bath. 

Immediately following this short heat shock, 250 μL of SOC media was added and the cells 

were incubated for 1 h at 37oC with 180 RPM spinning on a 1.5ml Eppendorf Thermomixer 

comfort. 200 μl of cells were then plated on an Ampicillin plate (100 μg/mL) and incubated 

at 37oC overnight. Six colonies were then picked from the plate and a miniculture of each 

colony was prepared by incubating cells overnight in 10 ml of LB broth with 10 μl of 100 
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μg/mL ampicillin at 37oC with 180RPM shaking. Cells were then lysed and plasmid DNA 

was isolated and collected in elution buffer using the ZymoPURE Plasmid Miniprep Kit. The 

sequence of plasmid DNA was confirmed using Sanger sequencing. Colonies were then 

chosen and grown in 200 mL of LB broth with 200 μL of 100 μg/mL ampicillin overnight at 

37oC with 180RPM shaking. E.coli cultures were then prepared for maxi prep using the 

Qiagen EndoFree Plasmid Maxi Kit. The concentration of eluted plasmid DNA was then 

measured using the NanoDrop Spectrophotometer. 

 

B) “PAK2+GFP” plasmid Preparation 

To phosphorylate the primers, each Primer 

(FWD=5’ATGGCTAGCAAAGGAGAAGAACTTTTCA’3)(REV=3’TCGATTTCTTCGTTACTTCTCA

TTGGCACCTAGTCCTAGT’5)was incubated with the following: 37 μl H2O, 5 μl 10x Kinase 

reaction buffer, 1 μl 50 mM MgSO4, 5 μl 100 μM Primer (10 μM final), 1 μl 100 mM ATP, 1 μl 

T4 polynucleotide Kinase (NEB). Incubation took place overnight at 37oC. Post incubation, 

the reaction was heated to 65oC for 20 min to deactivate the T4 polynucleotide Kinase. PCR 

was then run using the newly phosphorylated primers and the Gibson product plasmid. 

The total PCR product was then run on a 1% agarose gel with 1X DNA GelPilot dye 

(Qiagen). 

Linear DNA fragments were then exesised out of the gel using UV light and inserted into a 

1.5 mL microcentrifuge tube. The tube was briefly centrifuged to place the DNA containing 

agarose at the bottom of the tube. The DNA fragment was then purified and eluted in 30 μl 

of elution buffer using the Zymoclean gel DNA purification kit. 3 μL of Cutsmart Buffer 
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(NEB) and 3 μL of DPN1 (NEB) were added to the purified DNA and incubated at 37oC 

overnight. DNA was then further purified using the DNA Clean Concentrator-5 kit. Linear 

DNA fragment was then ligated using the T4 DNA ligation protocol. Plasmid concentration 

was then measured using NanoDrop Spectrophotometer.  

50 μl of chemically competent TOP10 E.coli bacteria were then transformed using 2 μL of 

the ligated Plasmid. 2 μL of Plasmid DNA was added to the bacteria in a 1.5 mL 

microcentrifuge tube and was incubated on ice for 15-20 min. Cells were then incubated for 

one minute in a 42oC water bath. Immediately afterwards, 250 μL of SOC media was added 

and the cells were incubated for 1 h at 37oC with 180 RPM shaking. 200 μl of cells were 

then plated on an Ampicillin plate (100 μg/mL) and incubated at 37oC overnight. six 

colonies were then picked from the plate and a miniculture of each colony was prepared by 

incubating cells overnight in 10 ml of LB broth with 10 μl of 100 μg/mL ampicillin at 37oC 

with 180RPM shaking. Cells were then lysed and plasmid DNA was isolated and collected in 

elution buffer using the ZymoPURE Plasmid Miniprep Kit. The sequence of plasmid DNA 

was confirmed using Sanger sequencing. Colonies were then chosen and grown in 200 mL 

of LB broth with 200 μL of 100 μg/mL ampicilin overnight at 37oC with 180RPM shaking. 

E.coli cultures were then prepared for maxi prep using the Qiagen EndoFree Plasmid Maxi 

Kit. The concentration of eluted plasmid DNA was then measured using the NanoDrop 

Spectrophotometer. 
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2.6 Stable Overexpression transfection of PAK2 

Similarly to section “2.4 PAK2 Transient Overexpression Transfection”, HL60 cells were 

collected and prepared for transfection using the Lonza 4D-Nucleofector X-Unit System. 

Four million cells were collected and split over eight tubes (500k cells/ tube). Tubes were 

split into four populations: population 1 was a population that was transfected using 

varying total amounts (0.5, 1.0, 2.0 μg) of the “PAK2” plasmid. Population 2 was a 

population transfected with varying total amounts (0.5, 1.0, 2.0 μg) of the “PAK2+GFP” 

plasmid. Population 3 was a population transfected with nothing to act as a negative 

control. Finally, Population 4 was transfected using GFP to act as a positive control. Cells 

were plated in a 24 well plate with 500 μl of warm, antibiotic-free RPMI 1640 media (10% 

FBS). Cells were left to proliferate for nine days with the addition of antibiotic-free RPMI 

1640 media (10% FBS) every 3-4 days. Cells were then moved to a t25 flask (Corning) as 

more space was needed. Once the cells reached a density of about 8x105/mL in 10-15 mL, 

Geneticin treatment was started. Geneticin was added at a concentration of 800 μg/mL of 

media in every flask. Media containing Geneticin was replenished every 3-4 days. Cell 

health was monitored during this period by trypan blue exclusion.  

Once all cells from the negative population were killed by the Geneticin (17-24 days), 

Geneticin was removed from all the populations and replaced with warm RPMI 

1640(Gibco)( 10% FBS and 1% streptomycin ) media. Cells were left to proliferate for 

about 2-3 extra weeks with constant changing of media every 3-4 days. After enough cells 

were amassed, 2x105 cells were collected from two populations, one of cells transfected 

with the “PAK2+GFP” plasmid and another from cells transfected with the “PAK2” 

overexpression plasmid. 2x105 cells were also collected from untransfected wildtype HL60 
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cells. Cells were washed twice with PBS prior to lysis with a lysis buffer containing a ratio 

of 8.8:1:0.1:0.1 of NP40, protease inhibitor, PMSF, phosphatase inhibitor respectively. The 

lysed cells were then centrifuged at 16000 RCF for 30 minutes and the cell lysate was 

collected for further analysis. LDS sample buffer (Invitrogen) containing β-

mercaptoethanol (Aldrich) was added to the whole cell lysates and were incubated at 70oC 

for 10 min. The samples were then run on an SDS-PAGE gel and prepared for Western-blot 

analysis following transfer to a PVDF membrane. The membrane was then blocked using a 

5% milk solution in TBST buffer overnight prior to two 10 second TBST washes and an 

incubation with 1:1000 dilution of rabbit anti-PAK2 primary antibodies (Ambion) for 2 h at 

room temperature on an UltraRocker (BIO-RAD) with 20 RPM speed. Following incubation 

with the primary antibodies, the membrane was then washed 4 times for 5 min each time 

on an UltraRocker at a speed of 90 RPM. The membrane was then incubated at room 

temperature on an UltraRocker (BIO-RAD) with a 1:5000 dilution of Goat Anti-Rabbit 

secondary antibodies (Ambion) that are conjugated with horse radish peroxidase (HRP). 

Again following incubation with the secondary antibody, the membrane was then washed 

with TBST 4 times for five min each time at a speed of 90 RPM on an UltraRocker. The 

membranes were then incubated for one minute in a dark environment with a 1:1 ratio of 

Prime Peroxide Solution (Amersham) and Prime Luminol Enhancer Solution (Amersham) 

prior to imaging the membrane using the ChemiDoc™ MP Imaging System. 
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 Chapter 3: Results 
 

3.1.1 Cellular proliferation (anti-CD44 mAb, A3D8) 

 

Anti-CD44 antibodies were previously reported to inhibit the proliferation of AML cells 

[48-54, 73]. To confirm previous data, AML cell lines (KG1a, HL60 and THP1) were treated 

with anti-CD44 mAbs (A3D8). After 72 h of treatment, KG1a and HL60 cells treated with 

anti-CD44 mAbs remained close to the original cellular density plated on day 0 of 

1x106 cells/mL while THP1 showed an even more inhibition of proliferation. When 

compared to treated cells, untreated KG1a and HL60 cells doubled in density at 72 h while 

THP1 cells increased in number slightly due to their slow proliferation rate (Figures 8-10) 

 

 
Figure 8. Anti-CD44 mAb (A3D8) treatment inhibits the proliferation of HL60 cells. 
HL60 cells were either left untreated or treated (T) with anti-CD44 mAbs and counted after 
24 h, 48 h, and 72 h using trypan blue exclusion. These data show n=2 independent 
experiments represented by (1) and (2) in the figure. 
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Figure 9. Anti-CD44 mAb (A3D8) treatment inhibits the proliferation of KG1a cells. 
KG1a cells were either left untreated or treated (T) with anti-CD44 mAbs and counted after 
24 h, 48 h, and 72 h using trypan blue exclusion. These data show n=2 independent 
experiments represented by (1) and (2) in the figure. 

 
 
 

 
Figure 10. Anti-CD44 mAb (A3D8) treatment inhibits the proliferation of THP1 cells. 
THP1 cells were either left untreated or treated with anti-CD44 mAbs and counted after 24 
h, 48 h, and 72 h using trypan blue exclusion. These data show n=2 independent 
experiments represented by (1) and (2) in the figure. 
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3.1.2 PAK2/PAK1 qPCR (anti-CD44 mAb) 

 

A) RNA yield/quality measurement 

RNA yield from total RNA extraction was measured through the Qubit assay (Thermo 

Fisher Scientific). This assay was performed through a comparison of the RNA sample with 

two standard RNA concentrations. Concentrations of all 30 samples can be seen in Table 2. 

Interestingly, the concentrations show us that at 72 h after treatment, the total RNA yield 

was knocked down to about half that of the untreated 72 h collection. This was most likely 

due to cell death as anti-CD44 mAb treatment induces apoptosis [48-54]. RNA quality was 

also measured using the Agilent 2011 Bioanalyzer. Bioanalysis reports for each cell line are 

illustrated in Figure 11. Bioanalysis reports showed a relatively clean and high quality total 

RNA samples. THP1 and KG1a samples had the highest quality. HL60 samples while still 

high in quality did not show results as clean as the ones seen from the THP1 and KG1a total 

RNA samples. 

μg/mL C1 T1 C12 T12 C24 T24 C48 T48 C72 T72 

HL60 128 122 136 140 136 142 170 170 198 104 

THP1 150 146 194 170 174 182 214 182 204 100 

KG1a 112 102 114 108 150 116 158 132 194 104 

Table 2 .  Total RNA yield (μg) measurements. Total RNA was measured using the Qubit 
assay. Measurements were performed to assess the RNA isolated from AML cell lines,  
HL60, THP1, and KG1a under 10 different conditions C1, T1, C12, T12, C24, T24, C48, T48, 
C72 and T72 (eg. C1=Control 1 h collection. T72=Treated 72 h collection) 
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Figure 11. Agilent 2100 Bioanalyzer analysis. Total RNA quality for all 10 conditions 
(C1, T1, C12, T12, C24, T24, C48, T48, C72, and T72) from KG1a, THP1, and HL60 were 
checked using the Agilent 2100 Bioanalyzer following anti-CD44 mAb treatment. 
(C1=Control 1 h collection. T72=Treated 72 h collection) 

 

 

B) PAK2/1 qPCR post anti-CD44 treatment 

QPCR was conducted after total cDNA was synthesized from total RNA retrieved from our 

ten conditions, three cell line samples. Cycle Threshold value (CT) data for each cell line 

were organized and then the fold change of mRNA expression levels of PAK1 and PAK2 

were calculated and normalized using β-actin after anti-CD44 mAb treatment (Figure 12). 
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Figure 12.  QPCR Cycle Threshhold (CT) fold change in HL60 cells post Anti-CD44 
treatment. CT values for PAK1, PAK2, and β-Actin were collected post qPCR from all ten 
conditions (Untreated controls at 1 h, 12 h, 24 h, 48 h, and 72 h; anti-CD44 mAb treatments 
at 1 h, 12 h, 24 h, 48 h, and 72 h) from KG1a, THP1, and HL60 (only HL60 is shown). Fold 
changes of mRNA expression levels were calculated and normalized using the Livak 
approach. A red line at a 3 fold change is shown to indicate a 2 fold increase in mRNA levels 
as compared to β-actin. This is representative of n=2 Independent experiments.  

 
 
As seen in Figure 12, there is no significant increase or decrease of PAK1 or PAK2 levels in 

HL60 cells after treatment with anti-CD44 mAbs and normalization to β-Actin mRNA levels 

at the time points indicated. A red line indicative of a 2 fold increase(Significant increase 

based on mRNA fold change as compared to β-actin levels) of PAK1 or PAK2 mRNA levels 

when compared to β-actin has been added to indicate whenever the mRNA fold change 

passes 2 folds, thus a significant increase. As shown in Figure 12, none of the five time 

points tested after anti-CD44 mAb treatment in HL60 cells showed an mRNA fold increase 

of PAK1 or PAK2 that reaches higher that a 0.5 (PAK2 mRNA levels, 1 h Post treatment) 



45 
 

fold increase when compared to β-actin. This trend was also observed in THP1 as well as 

KG1a cells. This leads us to the conclusion that anti-CD44 mAb treatment does not alter 

PAK1 or PAK2 mRNA expression levels in THP1, HL60, and KG1a cell lines. 

 

3.2 PAK2 knockdown transfection and flow cytometry 

A) PAK2 Knockdown 

After confirmation of anti-CD44 mAb (A3D8 clone) activity, we aimed at understanding 

how anti-CD44 mAb treatment affects these same AML cells once PAK2 or PAK1 were 

knocked out. 2x105 HL60 cells were collected after transfection with a PAK1 and a PAK2 

siRNA. Cells were lysed and Western blots were prepared. The membrane was then 

incubated with a rabbit PAK2 primary antibody followed by treatment with a goat 

secondary anti-rabbit HRP (Figure 13). 
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Figure 13. PAK2 siRNA transfection. HL60 cells were transfected with either PAK1 
SiRNA, PAK2 siRNA, both or with a scrambled negative control siRNA and were collected 
after 24 h and 48 h. Cells were imaged post transfection after incubation with a PAK2 
primary antibody (rabbit) followed by treatment with a secondary anti-rabbit HRP (goat) . 
Lane 1: Ladder; Lane 2: scrambled negative control siRNA (24H); Lane 3: PAK1 KD (24 h); 
Lane 4: PAK2 KD(24 h); Lane 5:PAK1+PAK2 KD (24 h); Lane 6: scrambled negative control 
siRNA (48 h); Lane 7: PAK1 KD(48 h); Lane 8: PAK2 KD (48 h); Lane 9:PAK1+PAK2 KD (48 
h). Membrane bands were normalized using total cell protein. 

 
As indicated in Figure 13, a successful knockdown (KD) of PAK2 after 24 h and 48 h was 

observed. PAK1 levels are very comparable to that of the negative control at both 

timepoints, meaning that PAK1 siRNA was specific to PAK1 and did not break down PAK2. 

PAK2 siRNA was also seen to be specific to only PAK2 as another membrane that was 

imaged using PAK1 primary antibodies showed no decrease in PAK2 levels in the lane 

where PAK2 siRNA was used to transfect the cells. 
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B) Anti-CD44 mAb(A3D8) treatment 

Following the confirmation of knockdown, the cells were treated with 12.5 μL/mL of A3D8 

and incubated at 37oC. Cells were counted at 0 h, 24 h, 48 h and 72 h after A3D8 treatment 

as seen in Figure 14.  

 

 
Figure 14. HL60 cell count following anti-CD44 mAb treatment. HL60 cells where 
either PAK1, PAK2, or neither was knocked down were either treated with anti-CD44 mAb 
or left untreated. Cells were counted at 0 h, 24 h, 48 h, and 72 h to determine changes in 
cellular proliferation. 

 

After PAK1 or PAK2 knockdown and anti-CD44 mAb treatment, the cell count showed that 

after 72 h, all cell populations treated with anti-CD44 mAbs showed lower proliferation 

levels than their untreated counterparts. Inhibition of proliferation by anti-CD44 mAbs was 

not affected when either PAK1 or PAK2 were knocked down indicating that PAK2 is not 
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essential for HL60 proliferation. On the other hand, inhibition of proliferation is observed 

in untreated, PAK1 KD cells collected 24h and 48h post PAK1 knockdown. 

C) Flow cytometric analysis to assess differentiation of AML cells where PAK1 or 
PAK2 have been knocked down. 

After the 72 h, cells were then checked for the expression of the granulocytic differentiation 

marker CD11b using flow cytometric analysis (FACs Canto II). 

 
 

 
Figure 15. CD11b levels post anti-CD44 mAb treatment of HL60 cells. HL60 cells where 
either PAK1, PAK2, or neither was knocked down (KD) were either treated with anti-CD44 
mAbs (treated; orange) or left untreated (untreated; blue) and the percentage of cells 
expressing CD11b were determined following staining of cells with an anti-CD11b 
antibody. This is a representative experiment of n=3 independent experiments.  
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      As shown in Figure 15, the percent of cells showing CD11b surface marker increased 

46.5% in anti-CD44 mAb treated HL60 cells compared to the untreated cells. On the other 

hand, HL60 cells deficient in PAK1 showed about 55% increase in cells expressing CD11b 

compared to negative untreated cells, indicating that the knockdown of PAK1 induces HL60 

differentiation [67]. Addition of anti-CD44 mAb treatment to PAK1 deficient cells enhanced 

the differentiation response slightly. Without anti-CD44 mAb treatment, knockdown of 

PAK2 did not increase the percentage of cells expressing CD11b. This indicates that PAK2 

knockdown, unlike PAK1 knockdown, does not induce differentiation. Alternatively, anti-

CD44 mAb treatment of cells deficient in PAK2 showed a block in differentiation when 

compared to the anti-CD44 mAb treated negative HL60 cells. This response indicates that 

anti-CD44 mAb activity may work through PAK2 and that PAK2 is essential for HL60 

differentiation by anti-CD44 mAb treatment. 

Apoptosis was then assessed through the use of Annexin-V and 7-AAD staining. Wildtype 

HL60 cells, PAK1 KD and PAK2 KD HL60 cells were collected and stained with Annexin-V 

and 7-AAD. A positive Annexin-V signal coupled with a negative 7-AAD signal is indicative 

of cells undergoing apoptosis. As shown in Figure 16, wildtype anti-CD44 mAb treated 

HL60 cells experienced four fold more apoptosis than untreated cells, consistent with 

previous studies that anti-CD44 mAb treatment induces apoptosis in HL60 cells [48-54]. 

When PAK2 was knocked down in HL60 cells, a small rise in the amount of apoptosis 

(without anti-CD44 mAb treatment) was observed when compared to untreated wildtype 

HL60 cells (not significant). Apoptosis was only slightly enhanced in the PAK2 knocked 

down HL60 cells after treatment with anti-CD44 mAb, suggesting that the induction of 

apoptosis induced by anti-CD44 mAb treatment is blocked by the knockdown of PAK2. 
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Figure 16. Apoptosis of HL60 cells populations (wild-type or PAK2 knockdown) 
following anti-CD44 mAb treatment. HL60 cells (wild type or deficient in PAK2) were 
treated with anti-CD44 (A3D8 clone) for 72h. Levels of Annexin-V and 7-AAD were then 
measured using flow cytometry to determine the percent of cells undergoing apoptosis. 
This is a representative experiment of n=3 independent experiments.  
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3.3 Overexpression of PAK2 phosphorylation mutants in HL60 cells   

 

A number of PAK2 overexpression plasmids (two Mutant and two Wild Type (wt) PAK2 

protein) were constructed in order to overexpress PAK2 in HL60 cells through a transient 

transfection approach. The mutations are designed to produce a mutant PAK2 where 

Serine 20 is changed to Alanine (to block the Serine 20 phosphorylation site). This site is 

important due to it being one of the sites that an active, full length PAK2 is phosphorylated 

at after binding to Rho Gtpases. The four plasmids are: pECE-M2-PAK2 S20A (Mutant 

PAK2), pECE-M2-PAK2 wt (WT PAK2), FUW-M2-PAK2 S20A (Mutant PAK2), and FUW-M2-

PAK2 wt (WT PAK2). The only difference between the two FUW-M2-PAK2 (one expressing 

mutant PAK2 and one expressing WT PAK2) and the two pECE-M2-PAK2 (one expressing 

mutant PAK2 and one expressing WT PAK2) plasmids is that they have different vector 

backbones. 
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Figure 17.  PAK2 Overexpression Plasmids. Four overexpression plasmids were ordered 
from Addgene: pECE-M2-PAK2 S20A, pECE-M2-PAK2 wt, FUW-M2-PAK2 S20A, and FUW-
M2-PAK2 wt. Two plasmids overexpressed a normal, wild type (wt) PAK2 (FUW-M2-PAK2 
wt, pECE-M2-PAK2 wt) while the other two plasmids contained a mutant PAK2 where 
Serine 20 was change to Alanine (FUW-M2-PAK2 S20A, pECE-M2-PAK2 S20A). 

 
 
 
HL60 cells transfected with 0.5, 1 and 2 μg of each plasmid (separately) were first collected 

after 24 h and 48 h and then run on an SDS gel and later transferred to a PVDF membrane 

and stained for PAK2 expression (Figure 18 and Figure 19).  
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Figure 18. Western blot analysis for PAK2 protein from HL60 cells transiently 
transfected with PECE (P)-based PAK2 plasmids. HL60 cells were transfected with 
varying amounts of pECE-M2-PAK2 wt (WT PAK2) and pECE-M2-PAK2 S20A (Mutant 
PAK2) plasmids and prepared for Western blot analysis (blotting for PAK2 protein). Lane 
1: Ladder; Lane 2: empty; Lane 3: control (no plasmid; 24 h); Lane 4: 0.5ug transfection of 
P1 plasmid (WT PAK2, 24 h); Lane 5: 1.0 μg transfection of P1 plasmid (WT PAK2, 24 h); 
Lane 6: 2.0 μg transfection of P1 plasmid (WT PAK2, 24 h); Lane 7: 0.5 μg transfection of P1 
plasmid (WT PAK2, 48 h); Lane 8: 1.0 μg transfection of P1 plasmid (WT PAK2, 48 h); Lane 
9: 2.0 μg transfection of P1 plasmid (WT PAK2, 48 h); Lane 10: empty; Lane 11: Negative 
control (48 h): Lane 12: 0.5 μg transfection of P2 plasmid (Mutant PAK2, 24 h); Lane 13: 1.0 
μg transfection of P2 plasmid (Mutant PAK2, 24 h); Lane 14: 2.0 μg transfection of P2 
plasmid (Mutant PAK2, 24 h); Lane 15: 0.5 μg transfection of P2 plasmid (Mutant PAK2, 48 
h); Lane 16: 1.0 μg transfection of P2 plasmid (Mutant PAK2, 48 h); Lane 17: 2.0 μg 
transfection of P2 plasmid (Mutant, 48 h). Membrane bands were normalized using total 
protein in the whole cell lysates. 
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Figure 19.  Western blot analysis for PAK2 protein from HL60 cells transiently 
transfected with Fuw (F)-based PAK2 plasmids. HL60 cells were transfected with 
varying amounts of FUW-M2-PAK2 wt(WT PAK2) or FUW-M2-PAK2 S20A(Mutant PAK2) 
and prepared for Western blot analysis (blotting for PAK2 protein). Lane 1: Ladder; Lane 2: 
empty; Lane 3: control (no plasmid; 24 h); Lane 4: 0.5ug transfection of F1 plasmid (WT 
PAK2, 24 h); Lane 5: 1.0 μg transfection of F1 plasmid (WT PAK2, 24 h); Lane 6: 2.0 μg 
transfection of F1 plasmid (WT PAK2, 24 h); Lane 7: 0.5 μg transfection of F1 plasmid (WT 
PAK2, 48 h); Lane 8: 1.0 μg transfection of F1 plasmid (WT PAK2, 48 h); Lane 9: 2.0 μg 
transfection of F1 plasmid (WT PAK2, 48 h); Lane 10: empty; Lane 11: Negative control (48 
h): Lane 12: 0.5 μg transfection of F2 plasmid (Mutant PAK2, 24 h); Lane 13: 1.0 μg 
transfection of F2 plasmid (Mutant PAK2, 24 h); Lane 14: 2.0 μg transfection of F2 plasmid 
(Mutant PAK2, 24 h); Lane 15: 0.5 μg transfection of F2 plasmid (Mutant PAK2, 48 h); Lane 
16: 1.0 μg transfection of F2 plasmid (Mutant PAK2, 48 h); Lane 17: 2.0 μg transfection of 
F2 plasmid (Mutant, 48 h). Membrane bands were normalized using total protein in the 
whole cell lysates.  
 

The Western blots showed a knockdown of PAK2. This was not consistent as some 

conditions/lanes still showed levels of PAK2 still similar to the condition/lane that was not 

transfected with an overexpression plasmid. This was not expected due to the fact that a 

PAK2 overexpression plasmid was used and raised the hypothesis that there may be a 

negative feedback mechanism that knocks down PAK2 following overexpression that 

occurs before 24 h post transfection. 
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Following up on the previous studies, the same four plasmids were used but at different 

concentrations and analyzed at different time points. Cells were transfected with plasmid 

concentration of 0.25 μg and 0.5 μg and collected after 4 h, 8 h and 12 h with the 12 h 

collection bearing the best results after being prepared for Western blot analysis for the 

expression of PAK2 (Figure 20). 
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Figure 20.  Western blot analysis for PAK2 protein of HL60 cells transiently 
transfected with Fuw (F)-based or PECE (P)-based PAK2 plasmids. HL60 cells were 
transfected with 0.5 μg or 0.25 μg of FUW-M2-PAK2 wt (WT PAK2 overexpression 
plasmid), FUW-M2-PAK2 S20A(Mutant PAK2 overexpression plasmid), pECE-M2-PAK2 wt 
(WT PAK2 overexpression plasmid) or pECE-M2-PAK2 S20A (Mutant PAK2 overexpression 
plasmid) plasmids and prepared for Western blot analysis (blotted for PAK2 protein) at 12 
h after transfection. Lane 1: Ladder; Lane 2: Empty; Lane 3: control (no plasmid; 12 h); 
Lane 4: 0.5 μg transfection of F1 plasmid (FUW-M2-PAK2 wt); Lane 5: 0.5 μg transfection of 
F2 plasmid (FUW-M2-PAK2 S20A); Lane 6: 0.5 μg transfection of P1 plasmid(pECE-M2-
PAK2 wt); Lane 7: 0.5 μg transfection of P2 plasmid (pECE-M2-PAK2 S20A); Lane 8: Empty; 
Lane 9: 0.25 μg transfection of F1 plasmid (FUW-M2-PAK2 wt); Lane 10: 0.25 μg 
transfection of F2 plasmid (FUW-M2-PAK2 S20A); Lane 11: 0.25 μg transfection of P1 
plasmid (pECE-M2-PAK2 wt); Lane 12: 0.25 μg transfection of P2 plasmid (pECE-M2-PAK2 
S20A). Membrane bands were normalized using total protein in the whole cell lysates.  

 

The transfection showed PAK2 overexpression with all four plasmids in both 

concentrations of plasmid used. It was evident that transfecting HL60 cells using 0.5 μg of 

overexpression plasmid showed the best results. To confirm this, a transient transfection 

where 0.5 μg of plasmids were transfected into HL60 cells and collected after 12 h and 24 
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h. It was expected that the membrane would show a PAK2 overexpression at 12 h and a 

PAK2 knockdown at 24 h based on previous results from Figures 18 - 20. The results are 

illustrated in Figure 21. 

 

Figure 21. Western blot analysis for PAK2 protein of HL60 cells transiently 
transfected with Fuw (F)-based or pECE (P)-based PAK2 plasmids. HL60 cells were 
transfected with 0.5 μg of FUW-M2-PAK2 wt (WT PAK2 overexpression plasmid), FUW-
M2-PAK2 S20A (Mutant PAK2 overexpression plasmid), pECE-M2-PAK2 wt (WT PAK2 
overexpression plasmid) or pECE-M2-PAK2 S20A (Mutant PAK2 overexpression plasmid) 
plasmids and prepared for Western blot analysis (blotting for PAK2 protein) at the 
following time points after transfection: 12 h and 24 h. Lane 1: Ladder; Lane 2:Empty; Lane 
3: control (no plasmid; 12 h); Lane 4: 0.5 μg transfection of F1 plasmid (FUW-M2-PAK2 wt; 
12 h); Lane 5: 0.5 μg transfection of F2 plasmid (FUW-M2-PAK2 S20A; 12h ); Lane 6: 0.5 μg 
transfection of P1 plasmid (pECE-M2-PAK2 wt; 12 h); Lane 7: 0.5 μg transfection of P2 
plasmid (pECE-M2-PAK2 S20A; 12 h); Lane 8: negative control (24 h); Lane 9: 0.5 μg 
transfection of F1 plasmid (FUW-M2-PAK2 wt; 24 h); Lane 10: 0.5 μg transfection of F2 
plasmid (FUW-M2-PAK2 S20A; 24 h); Lane 11: 0.5 μg transfection of P1 plasmid (pECE-M2-
PAK2 wt; 24 h); Lane 12: 0.5 μg transfection of P2 plasmid (pECE-M2-PAK2 S20A; 24 h). 
Membrane bands were normalized using total protein in the whole cell lysates.  
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As indicated in Figure 21, this analysis gave inconsistent results. All lanes from the 12 h and 

24 h collections transfected with a PAK2 overexpression plasmid (Mutant or WT) showed a 

knockdown in PAK2 levels. This was inconsistent with the overexpression previously seen 

at 12 h post transfection. Overall, following many experimental repeats, transient 

overexpression of PAK2, either WT or Mutant, resulted in an apparent knockdown of PAK2 

protein levels at all time points analyzed following transfection. Due to the inconsistency 

seen with transient transfections, we decided to try a stable transfection approach by 

moving the PAK2 gene from the FUW-M2-PAK2 wt plasmid into a Gateway® pcDNA™-

DEST47 plasmids. 

 

3.4 Stable PAK2 Overexpression plasmid preparation  

A) “PAK2” Plasmid preparation 

FUW-M2-PAK2 wt and Gateway® pcDNA™-DEST47 plasmids were used to construct a new 

plasmid which could be used for stable transfection of AML cell lines. The vector plasmid 

(Gateway® pcDNA™-DEST47) was prepared by removing a 1702 bp region that contained 

the ccdB gene(codes for the CcdB toxic protein), which acts as a DNA gyrase poison, 

effectively killing any bacteria as they take up the plasmid when grown. The removal of the 

sequence was done through the PCR of the desired region as seen in Figure 22. Two 

primers were used for this PCR: a forward (5’-TTCGATCTAGAATGGCTAG-3’) and a reverse 

(5’-TTTGATCAAGCTTAACTAGC-3’). This vector is important for our stable transfection as 

in has both a bacterial resistance gene (Ampicillin) and a mammalian resistant gene 

(Neomycin/Geneticin). 
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Figure 22. pcDNA-DEST47 Vector. Two primers (FWD-5’-TTCGATCTAGAATGGCTAG-3’) 
(REV-5’-TTTGATCAAGCTTAACTAGC-3’) were used to construct a linear sequence from the 
pcDNA-DEST47 plasmid (Thermo Fisher Scientific) by amplifying a 6078 bp linear DNA 
sequence through the use of a high fidelity polymerase. 

 
 
 
Once the vector was prepared to give a 6078 bp linear DNA sequence, the insert was 

prepared. The insert was produced through the PCR of the PAK2 gene region found in the 

FUW-M2-PAK2 wt plasmid (illustrated in Figure 23). 
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Figure 23. PAK2 amplification from FUW-M2-PAK2wt plasmid. Two primers (FWD=5’-
gctagttaagcttgatcaaaATGGACTACAAGGACGATG-3’) (REV=5’-
gctagccattctagatcgaaTTAACGGTTACTCTTCATTG-3’) were used to amplify the 1611 bp 
PAK2+M2 sequence from the FUW-M2-PAK2wt plasmid. 

 

As with the Vector preparation, two primers were used to PCR the PAK2 gene. Forward 

primers (5’-gctagttaagcttgatcaaaATGGACTACAAGGACGATG-3’) and reverse primers (5’-

gctagccattctagatcgaaTTAACGGTTACTCTTCATTG-3’) were used to PCR a 1651 bp region 

(1611 bp PAK2/M2 gene + 40 bp overhangs). Following their amplification, the vector and 

the PAK2 insert were run on an agarose gel to confirm the PCR reactions (Figure 24). 
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Figure 24.  Linear Vector and Insert products. Two primers (FWD-5’-
TTCGATCTAGAATGGCTAG-3’) (REV-5’-TTTGATCAAGCTTAACTAGC-3’) were used to 
construct a linear sequence from the pcDNA-DEST47 plasmid (thermo Fisher Scientific) by 
amplifying a 6078 bp linear DNA sequence. Two other primers (FWD=5’-
gctagttaagcttgatcaaaATGGACTACAAGGACGATG-3’) (REV=5’-
gctagccattctagatcgaaTTAACGGTTACTCTTCATTG-3’) were used to amplify a 1651 bp 
PAK2+M2 sequence from the FUW-M2-PAK2wt plasmid (Plus designed overhangs). The 
linear Vector and Insert products from PCR were ran on an agarose as follows. Lane 1: 
Ladder; Lane 2: Empty; Lane 3: Vector DNA PCR product (6078bp); Lane 4: Insert PAK2 
DNA PCR product (1651bp). 

 

The two DNA fragments were joined in a single tube by a Gibson Assembly reaction. Gibson 

assembly creates a single stranded 3’ overhang through the activity of the 5’-3’ 
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exonuclease. The complementary sequences created through the overhangs added to the 

insert fragment then anneal to their complementary DNA sequence on the Vector DNA 

fragment. DNA polymerase extends the 3’ ends and DNA ligase finishes the reaction by 

sealing the remaining nicks, resulting in a double stranded, 7689 bp DNA plasmid 

consisting of the vector and insert fragments (Figure 25). 

 

Figure 25.  Gibson Assembly product. Gibson assembly was used to join the insert PCR 
product (PAK2 gene) to the backbone vector PCR product (pcDNA-DEST47 backbone) 
forming a 7689 bp plasmid. 

 
As a confirmation, the resulting plasmid was run on an agarose gel along with the insert 

and vector fragments to insure that the Gibson assembly occurred (Figure 26). This 

plasmid is referred to as either the Gibson plasmid or the “PAK2” plasmid below. 



63 
 

 

Figure 26. Gibson Product size confirmation. The resulting Gibson plasmid believed to 
contain the PAK2/M2 insert was run against the vector (pcDNA-DEST47 backbone) and 
PAK2/M2 insert DNA fragments to compare their sizes. Lane 1: Ladder; Lane 2: Empty; 
Lane 3: Vector DNA (6078 bp); Lane 4: Insert DNA (1651 bp). Lane 5: Empty; Lane 6: 
Gibson product (7689 bp). Lane 7: Gibson product repeat (7689 bp). 

 
As illustrated in Figure 26, the Gibson product in Lane 6 appears to have successfully 

ligated the insert with the vector backbone since the size is larger (7689 bp) and 

apparently the sum of both the vector and insert DNA fragments. Post size confirmation, 
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the Plasmid was transformed into top10 E.coli and incubated overnight at 37oC on an 

Ampicillin plate. Colonies were chosen to perform a mini prep on and sequenced through 

Sanger sequencing to confirm the cloning was successful. The clone indicating the right 

sequence was then amplified using a maxi prep to generate enough plasmid for the 

subsequent experiments. The plasmid concentration and quality was measured using 

Nanodrop analysis. Nanodrop analysis determined that the plasmid has a concentration of 

5500 ng/ul with a 260/280 wavelength ratio of 1.91 and a 260/230 of 2.23. This indicated 

a pure DNA sequence. The maxi prep product was run on an agarose gel at four different 

concentrations to further determine the quality of the plasmid (Figure 27). 

 

Figure 27. MaxiPrep product of PAK2 overexpression plasmid. A Maxiprep of the 
“PAK2” plasmid was performed and the resulting DNA plasmid was ran at four different 
concentrations (indicated) on an agarose gel. Lane 1: Ladder; Lane 2: Empty; Lane 3: Maxi 
prep Plasmid DNA(100ng); Lane 4: Empty; Lane 5: Maxi prep Plasmid DNA(500 ng); Lane 
6: Empty; Lane 7: Maxi prep Plasmid DNA(2 μg); Lane 8: Empty; Lane 9: Maxi prep Plasmid 
DNA(5 μg). 
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The agarose gel showed two bands for every lane. These two bands were expected as 

plasmid DNA usually supercoils. As seen in Figure 27, a band representing supercoiled 

plasmid DNA has traveled further in the gel than the band representing the relaxed plasmid 

DNA for all four concentrations of plasmids run. No other bands were visible on the gel 

indicating the purity of the plasmid preparation. 

B) “PAK2+GFP” Plasmid preparation 

Upon the final confirmation of the plasmid quality, a new DNA plasmid was constructed 

using the newly made “PAK2” plasmid. This new plasmid (to be referred to as the 

PAK2+GFP plasmid) was aimed at making the mammalian stable transfection step 

(discussed later) easier to visualize by linking the PAK2 protein with a GFP fluorescence 

protein through the introduction of a 2 Gly-Ser residue (GSGS) linker sequence and the 

removal of the termination sequence following the PAK2 protein, creating a PAK2 and GFP 

fusion protein. To perform this, two primers were used once more to create one linear DNA 

sequence from the newly made plasmid. Forward 

(5’ATGGCTAGCAAAGGAGAAGAACTTTTCA’3) and reverse 

(3’TCGATTTCTTCGTTACTTCTCATTGGCACCTAGTCCTAGT’5) primers were used for this. 

The underlined sequence in the reverse primer nucleotide sequence indicates the GSGS 

amino acid sequence that will replace the PAK2 termination sequence and all the 

nucleotides between the PAK2 protein and the GFP fluorescence protein, effectively 

removing 14 DNA base pairs while adding 12 base pairs for the GSGS linker sequence 

(Figure 28). 
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Figure 28. Creation of a PAK2 and GFP fusion protein plasmid. Two primers 
(FWD=5’ATGGCTAGCAAAGGAGAAGAACTTTTCA’3)(REV=3’TCGATTTCTTCGTTACTTCTCA
TTGGCACCTAGTCCTAGT’5) were used to remove a 14 bp sequence while adding a 12bp 
GSGS linker sequence from the “PAK2” plasmid to link PAK2 to GFP. 

 
The PCR was performed using a 5’ phosphorylated version of the primers. Phosphorylating 

the primers is a critical step to this plasmid formation as it is used later on when the linear 

DNA fragment must be ligated with itself. Post-PCR, the total linear DNA fragment (7687 

bp) was run on an agarose gel to confirm PCR success (Figure 29). 
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Figure 29. Total PCR confirmation. Total PCR produced a 7687 bp linear DNA after the 
use of two primers(FWD=5’ATGGCTAGCAAAGGAGAAGAACTTTTCA’3) 
(REV=3’TCGATTTCTTCGTTACTTCTCATTGGCACCTAGTCCTAGT’5) to  remove a 14 bp 
sequence while adding a 12bp GSGS linker sequence from the “PAK2” plasmid to link PAK2 
to GFP. Lane 1: Ladder; Lane 2: Empty; Lane 3: linear DNA sequence produced through PCR 
as illustrated in Figure 28. 

 
The band, which contained our linear DNA fragment, was extracted from the gel and 

purified. The two ends of the purified linear DNA were ligated then transformed into 

TOP10 bacteria cells and a mini prep was performed. Sanger sequencing revealed one 

bacteria culture which had no mutations to the intended sequence. A maxi prep was then 

performed to amplify the plasmid and this was analyzed as shown in Figure 30. DNA 

quality and quantity was checked using NanoDrop analysis. Nanodrop analysis determined 

that the plasmid has a concentration of 7250 ng/ul with a 260/280 wavelength ratio of 

1.88 and a 260/230 ratio of 2.17 indicating a clean DNA plasmid preparation.  
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Figure 30. Linear DNA ligation Product. PCR from Two primers 
(FWD=5’ATGGCTAGCAAAGGAGAAGAACTTTTCA’3)(REV=3’TCGATTTCTTCGTTACTTCTCA
TTGGCACCTAGTCCTAGT’5) that were used to remove a 14 bp sequence while adding a 
12bp GSGS linker sequence from the “PAK2” plasmid to link PAK2 to GFP was then ligated 
to produce a 7687 bp PAK2 overexpression plasmid called “PAK2+GFP” plasmid  in which 
PAK2 is fused to GFP. 

 

3.5 PAK2 Stable Overexpression transfection 

HL60 cells were then transfected using the two new ”PAK2” and “PAK2+GFP” plasmids. 

Cells were cultured for nine additional days following transfection. A large amount of cell 

death was observed possibly due to the overexpression of PAK2. Once the cells reached a 

density of about 8x105 cells/mL in 10-15mL of media, cells were treated with 800 μg/mL of 

Geneticin. Treatment was continued with constant renewal of media and Geneticin every 3-

4 days through centrifugation of cells and the addition of new media and Geneticin. Cells 

were monitored everyday through trypan blue exclusion to determine when all the cells in 

the negative population were killed by the Geneticin. The negative population was sensitive 



69 
 

to Geneticin 17 days after the start of the treatment. Treatment was applied for about 

seven additional days to all populations even after the confirmation of death of the negative 

population to insure that all negative cells were killed by the Geneticin. Figure 31 shows a 

snapshot of the different populations after 22 days of Geneticin treatment. 

 

Figure 31. Stable transfection using the”PAK2”and “PAK2+GFP” plasmids. HL60 cells 
were transfected with varying total plasmid amounts (0.5, 1.0, 2.0 μg) of two different 
plasmids (“PAK2”, “PAK2+GFP”). Snapshots to monitor the health and proliferation were 
taken 22 days post Geneticin treatment. An apparent successful stable transfection was 
observed in the HL60 cells transfected with 1 μg of the“PAK2+GFP” plasmid (Middle photo) 
and in HL60 cells transfected with 2 μg of the “PAK2” plasmid (Photo to the right). The 
photo to the left shows wildtype HL60 cells not transfected with any plasmids. 

 

As seen in Figure 31, an apparent successful transfection was achieved in the HL60 cells 

transfected with 1 μg of the “PAK2+GFP” plasmid and in HL60 cells transfected with 2 μg of 

the “PAK2” plasmid. HL60 cells transfected with the other two plasmid concentration from 

each plasmid were not included as there was no growth or very minimal cell proliferation. 

The negative population was observed to die out by Day 17 of treatment but treatment was 

continued with all populations to ensure that all the cells that are growing are in fact 
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Geneticin resistant due to our stable transfection plasmid. Geneticin was removed from the 

media on the Day 23. Cell number was still low so cells were left to proliferate in RPMI 

1640 (10% FBS and 1% penicillin streptomycin) media. 

      After many passages, cell density was large enough to collect 3x105 cells from each 

population of transfected cells: wildtype (no plasmid), PAK2+GFP and PAK2. Cells were 

lysed and run on an SDS gel. Proteins were then transferred to a PVDF membrane and 

incubated with PAK2 primary antibody after an overnight membrane blockage using skim 

milk. The membrane was then incubated with secondary antibody and imaged to produce 

the membrane seen in Figure 32. 
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Figure 32. Western blot of stable transfected HL60 cells. HL60 cells that were stably 
transfected with either the “PAK2+GFP” plasmid or the “PAK2” plasmid were lysed and 
prepared for Western blot analysis. Blots were incubated with a PAK2 primary antibody 
(rabbit) followed by an anti-rabbit HRP secondary antibody (goat). Lane 1: Ladder; Lane 2: 
empty; Lane 3: Empty; Lane 4: Wildtype HL60 cells ; Lane 5:HL60 cells stably transfected 
with the”PAK2+GFP” overexpression plasmid ; Lane 6: HL60 cells stably transfected with 
the”PAK2” overexpression plasmid. Membrane bands were normalized using total protein 
in the whole cell lysates.  

 
 

Interestingly, as with our transient transfection, we saw that our stable transfection of 

PAK2 yielded the same results. A knockdown of PAK2 levels was seen after the stable 

transfection of two different PAK2 overexpression plasmids, one which should have 

expressed PAK2 fused to a GFP (no GFP signal was observed, which may indicated that 

PAK2 is being degraded at the RNA level) and one which should have expressed only PAK2. 

These results are consistent with what we have observed previously in Figures 18, 19, and 

21. 
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Chapter 4: Discussion/Conclusion 
 
To further understand the signaling pathways involved in mediating differentiation and 

inhibiting proliferation of Acute Myeloid Leukemic cells following the CD44 antibody 

treatment, a global phosphoproteomics mass spectrometry study performed previously in 

our lab on HL60 cells treated with anti-CD44 antibodies and analyzed using Ingenuity 

Pathway Analysis (IPA), indicated a number of molecules whose phosphorylation is up-

regulated including the PAKs family of proteins. Following the confirmation of anti-CD44 

mAb (A3D8) activity on our AML cell lines (THP1, KG1a and HL60), as previously reported 

[48-54], an RT-qPCR experiment showed that neither the levels of PAK1 nor the levels of 

PAK2 changed after treatment with anti-CD44 mAbs. This indicated that the activity of anti-

CD44 antibodies did not result in any changes in the amount of PAK1 or PAK2 protein. 

Therefore, the increase of phosphorylation observed by our proteomics study was in 

correspondence to an increase in the level of PAK protein phosphorylation rather than to 

an increase of the PAK protein levels. 

 

Subsequently, PAK1 and PAK2 were knocked down either individually or in combination in 

HL60 cells. PAK2 knockdown did not influence the ability of anti-CD44 mAbs to inhibit the 

proliferation of AML as seen in other studies where anti-CD44 mAb treatment has 

previously been shown to inhibit AML proliferation [48-54], indicating that PAK2 is not 

involved in mediating the proliferation of HL60 cells downstream of CD44 triggering. A 

number of different pathways have been found to be involved in the inhibition of 

proliferation that are induced by CD44 triggering. For example, work from our lab has 
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shown that mTOR in the PI3K/Akt/mTOR pathway has been found to be inhibited 

following Anti-CD44 mAbs treatment [73].  P27, A cyclin dependent kinase inhibitor, has 

also been shown to be a major contributor in the inhibition of proliferation that is induced 

by Anti-CD44 treatment [54]. Many other pathways including Grazyme A signaling, Cdc42 

Signaling and RhoGDI signaling have shown to be potential players in the inhibition of 

proliferation by CD44 triggering due to their Phosphoproteomic profile after Anti-CD44 

treatment. 

As reported by Pandolfi, A., et al [67], PAK1 knockdown alone in HL60 cells resulted in an 

induction of differentiation and apoptosis, which in turn caused a decrease in their 

proliferation capabilities. This was consistent to what we observed when we attempted to 

measure levels of HL60 proliferation following the knockdown of both PAK1 and PAK2 and 

treatment with anti-CD44 mAbs.  

Intriguingly, analysis of differentiation and apoptosis of HL60 cells where PAK1 or PAK2 

were knocked down and treated with anti-CD44 mAbs, revealed that PAK2 has a significant 

role on anti-CD44 mAb mediated differentiation of AML cells. As seen in Figure 15, and as 

reported by Gadhoum, Z., et al [51, 54], wildtype HL60 cells treated with anti-CD44 mAbs 

had increased expression of CD11b, indicating cellular differentiation. On the other hand, as 

reported by Pandolfi, A., et al [67], HL60 cells where PAK1was knocked down showed high 

levels of CD11b expression even in the absence of anti-CD44 mAb treatment. Moreover, 

anti-CD44 mAb treatment in addition to the PAK1 knockdown consistently resulted in a 

slight enhancement in differentiation. In contrast, PAK2 knock down alone in HL60 cells 

showed CD11b levels comparable to that of the wildtype untreated HL60 cells indicating 

that the knockdown of PAK2 in HL60 cells has no effect on the differentiation of HL60 cells. 
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Interestingly, we observed a major decrease in the percentage of cells expressing CD11b 

when we treated the PAK2 knocked down HL60 cells with anti-CD44 mAbs compared to 

the wildtype cells treated with anti-CD44 mAbs. 47.5% of wildtype, anti-CD44 mAb treated 

HL60 showed expression of CD11b while only 11.1% of PAK2 knocked down anti-CD44 

mAb treated HL60 cells showed CD11b expression. These results indicate that while 

treatment with anti-CD44 mAbs may not act through PAK1, it does act through PAK2. 

Similar results were seen with the amount of apoptosis after anti-CD44 mAb treatment in 

HL60 cells deficient in PAK2. As previously reported by Pandolfi, A., et al [67], the 

knockdown of PAK1 in AML cells causes those cells to undergo apoptosis. On the other 

hand, it is not known how the knockdown of PAK2 affects apoptosis when coupled with an 

anti-CD44 mAb treatment. As seen in Figure 16, wildtype HL60 cells showed a 33% 

increase in apoptosis after anti-CD44 mAb treatment, an increase from 10 %(Untreated) to 

43%(Treated). Fascinatingly, induction of apoptosis by anti-CD44 mAb treatment seems to 

be blocked after the knockdown of PAK2 in HL60 cells. Knockdown of PAK2 (without anti-

CD44 mAb treatment) showed about a 3.7% increase in the amount of apoptosis when 

compared to the wildtype untreated HL60 cells, an increase from 10% in the wildtype cells 

to 13.7% after PAK2 knockdown. When anti-CD44 mAb treatment was administered to the 

PAK2 knocked down HL60 cells, we only saw a 3.2% rise in the amount of apoptosis when 

compared to the untreated PAK2 knocked down cells. This indicates that the induction of 

apoptosis by anti-CD44 mAb treatment is blocked by the knockdown of PAK2. 

         

After evaluating the effects of coupling anti-CD44 antibody treatment with PAK2 

knockdown on proliferation, differentiation, and apoptosis in AML cells, we decided to 
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attempt to overexpress PAK2 and evaluate how its phosphorylation or reduction of its 

phosphorylation level (through a mutation that changes Serine 20 to Alanine) may have an 

effect on proliferation, differentiation, or apoptosis. To this end, we attempted to 

overexpress a wildtype PAK2 in AML cells. Initial attempts to overexpress PAK2 in HL60 

cells using an overexpression plasmid purchased from Addgene resulted in unusual 

findings. Instead of an overexpression or a failed overexpression of PAK2, we saw a 

knockdown of PAK2 in HL60 cells transfected using the overexpression plasmid. From 

other studies, it was shown that it is possible to overexpress PAK2 in melanoma and colon 

cancer cell lines but this study did not overexpress PAK2 in AML cells [74].  From our 

results, we hypothesize that a negative feedback inhibition mechanism may be present in 

HL60 cells which doesn’t allow for PAK2 overexpression. To work towards defining this, 

we analyzed the cells at earlier time points following transfection of HL60 cells using 

different amounts of the plasmid. We were able to catch an overexpression at a 12 h 

collection but unfortunately, we were not able to consistently reproduce this 

overexpression at 12 h and instead saw the same results as before, a PAK2 knockdown. 

Next, we attempted to stably transfect HL60 cells using two constructs of different 

overexpression plasmids. One construct would express PAK2 fused with a GFP while the 

other construct would only express PAK2 (mutated versions of PAK2 would be used later 

when confirmation of an overexpression was obtained using the plasmids expressing the 

WT PAK2). After successfully construction each of these plasmids, we were able to 

generate HL60 cells lines that were resistant to Geneticin, indicating that stable 

transfection could be achieved. To confirm this, analysis of mRNA levels of the PAK2 

proteins needs to be performed. Unfortunately, GFP, which should have been fused to PAK2 
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in the “PAK2+GFP” plasmid, was not detectable. When these cell populations were collected 

and analyzed for levels of PAK2 protein by Western blot, we observed the same result as 

the one seen in our previous transient transfections where the endogenous PAK2 seemed 

to be knocked down perhaps through a negative feedback mechanism. We did not observe 

in our Western blots any indication that a higher MW PAK2-GFP fusion protein was 

expressed in our cells. In other studies, a downstream protein to PAK2, ERK1/2, has 

already been shown to regulate many negative feedback loops through direct 

phosphorylation [75]. ERK1/2 activation has been commonly observed in many human 

tumors. Increasing the activity of ERK1/2 has been shown to inhibit many aspects of the 

ERK1/2 pathway[75].  This has brought ERK1/2 to be an attractive target for treating 

malignant cancers since an increase of its activity causes the inhibition of many 

components in the ERK1/2 MAPK cascade. 

Additional studies need to be performed to conclude that negative feedback of PAK2 exists. 

First of all, an RT-qPCR has been planned to check for the levels of PAK2 mRNA in our 

“PAK2” and “PAK2+GFP” plasmid stably transfected HL60 cells. Also, negative controls 

used for our PAK2 transient overexpression were not optimal. In our PAK2 transient 

overexpressions (Figures 18-21), we used wildtype HL60 cells that were not transfected 

with a plasmid. Much more reliable data would have been yielded if we used a negative 

control in which HL60 cells were transfected using empty plasmid controls that consist of 

the backbone of the plasmids without the PAK2 gene. The two plasmids (pECE and FUW-

tetO-MCS) have been ordered from Addgene and an experimental repeat of our transient 

transfection is planned. Similarly, we have now prepared an empty pcDNA™-DEST47 
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plasmid that will be used to generate a stable transfection in HL60 cells as a control for our 

PAK2 overexpression experiments. 

Furthermore, we noticed that in our stable PAK2 overexpression Western blots (Figure 

32), we don’t see any band at 85 kDa that should correspond to the “PAK2+GFP” protein 

[PAK2 (58 KDa) and GFP (27KDa)]. This is consistent with the fact that we did not observe 

GFP signal expressed in the transfected HL60 cells. The previously discussed qPCR could 

solve this problem if we can see that the mRNA levels for the PAK2+GFP fusion protein is 

high and that a feedback is happening at the protein level. 

Finally, we would like to use the M2 tag present prior to the PAK2 sequence to IP for PAK2. 

We would like to also replicate our results in other AML cell lines such as THP1 and K562 

since one AML cell line was primarily used (HL60). 
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