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Abstract 

Investigation of tumor growth has traditionally been studied focusing only on the cancer cells. 

However, tumors consist of a complex tissue organization where heterotypic signaling occurs 

between different cell types. The cross-talk between tumor cells and other surrounding cell 

types may ultimately prove to be as important for the tumor cell behavior as the internal 

signaling cascades in the tumor cell itself. 

Myeloid cells, such as granulocytes and monocytes, and thrombocytes play an important role 

in the tumor tissue, as a tumor can be compared to a wound healing process without the normal 

regulation mechanisms. Platelets are thought to facilitate tumor cell extravasation by binding 

to the tumor cell and recruiting myeloid cells that secrete factors aiding tumor migration through 

the endothelial cells. Studying the content of granules and vesicles of the platelets and myeloid 

cells can provide important knowledge about how the tumor interactions are mediated and 

which key proteins that controls these processes.  

Serglycin is an intracellular proteoglycan that attaches chains of negatively charged 

glycosaminoglycans. It is thought to have a function in retaining and storing proteins in 

hematipoietic cells. In this project the impact of the loss of serglycin on platelets and myeloid 

cells was investigated, using a spontaneous insulinoma serglycin knockout mouse model. The 

results suggests that serglycin does not affect the amount of neutrophil granulocytes and 

monocytes in peripheral blood, nor does it seem to affect the amount of platelets sequestered to 

the tumor tissue. A co-staining for platelets and MMP9 positive granulocytes was also 

performed in order to assess if granulocyte-platelet interactions in the tumor were affected by 

loss of serglycin. Interactions between these cells were observed in both genotypes. Von 

Willebrand factor levels in the tumor tissue also remained unchanged upon loss of serglycin. 

However, preliminary experiments indicated that serglycin seems to play a role in the 

intracellular amounts of vimentin and VEGFB in undifferentiated primary bone marrow derived 

monocytes. 

 

Keywords: Serglycin, thrombocytes, macrophages, neutrophil granulocytes 
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1. Introduction 

 

1.1. The tumor microenvironment and the effects of immune cells on tumor progression 

and behavior 

Traditionally, investigation of tumor growth has focused mainly on the cancer cells. However, 

a tumor consists of more contributors to tumor development than the cancer cells alone, making 

this approach too simplistic. Heterotypic signaling between the diverse cell types within a tumor 

may ultimately prove to be as important in explaining tumor cell behavior as the mechanisms 

inside the cancer cell itself. Many of the growth signals driving the proliferation of carcinoma 

cells may originate from the organ specific connective tissue cells of the tumor. It is believed 

that successful tumor cells are those that have acquired the ability to co-opt their normal 

neighbors by inducing them to release growth-stimulating signals. Furthermore, inflammatory 

cells attracted to sites of neoplasia may promote, rather than eliminate, the progression of cancer 

cells (Hanahan, 2000). 

Over the decades, the concept that inflammation is a critical component of tumor progression, 

has expanded. Many cancers arise from sites of infection, inflammation and chronic irritation. 

An example of this is the strong association of genital human papillomavirus (HPV) infection 

with cervical cancer (Bosch et al. 1995). Sustained cell proliferation in an environment rich in 

inflammatory cells, growth factors, activated stroma, and DNA-damage-promoting agents, 

certainly potentiates and/or promotes neoplastic risk (Balkwill 2001). The fact that the tumor 

microenvironment, which is largely managed by inflammatory cells, is an indispensable 

participant in the neoplastic process, fostering tumor cells to proliferate, survive and migrate, 

is now becoming clear. In addition, tumor cells affect the production and secretion of some of 

the signaling molecules of the innate immune system, such as chemokines, selectins and their 

receptors for invasion, migration and metastasis. However, many of the molecular and cellular 

mechanisms mediating the interactions between cancer cells and immune cells remain 

unsolved. (Coussens 2002) 

 

1.2. Proteoglycans 

Proteoglycans consist of a core protein to which negatively charged glycosaminoglycan chains, 

like heparin, heparan sulfate, or chondroitin sulfate, are attached. Proteoglycans are found on 

the cell surface of most cell types and are also abundant in the extracellular matrix. The only 
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known intracellular proteoglycans is serglycin which is the major component of secretory 

granules in hematopoietic cells. (Woulfe et al. 2008)  

 

1.3. The structure, function and significance of serglycin during cancer progression and 

behavior 

Serglycin is found in all nucleated hematopoietic cells as well as in platelets, endothelial cells, 

various reproductive and developmental tissues, and in chondrocytes (Schick 2010), and has 

important functions related to formation of several types of storage granules. This proteoglycan 

consists of a relatively small core proteins (~17 kDa) (Kolset et al. 2008). 

Serglycin is expressed by some malignant cells as well. It is thought to promote aggressive 

cancer cell behavior and to protect some tumor cells from complement system attacks. A study 

focusing on material from breast cancer patients and the aggressive MDA-MB-231 breast 

cancer cell line confirmed an overexpression and constitutive secretion of serglycin. In this 

study a strong cytoplasmic and cell-surface associated localization of serglycin in the cancer 

cells, was observed (Korpetinou et al. 2013). Additionally, Purushothaman (2004) reported 

from a study that knock down of serglycin in multiple myeloma cells diminishes tumor growth, 

and that serglycin seems to promote myeloma cell adhesion to bone marrow components 

(Purushothaman 2014). Serglycin has also been suggested to be a regulator of tumor 

progression in nasopharyngeal carcinoma (NPC), where serglycin was shown to be one of the 

most upregulated genes in human NPC cell lines with high metastatic potential. In vivo 

experiments with mice showed that RNAi knockdown of serglycin also reduced metastatic 

capacity. Additionally, serglycin overexpression in cells with low metastatic potential increased 

their progression and migratory behavior (Li et al. 2011). An immunohistochemistry based 

study on serglycin expression in hepatocellular carcinoma (HCC) by He et al. (2013), showed 

that serglycin was significantly upregulated in HCC tissues, which was correlated with a poor 

prognosis for the HCC patients. In this study it was also observed that tumors with less 

pronounced serglycin expression levels were less vascularized, pointing towards a mechanism 

where serglycin may modulate the tumor vasculature (He et al. 2013). Tumors formed from 

cells with a stable knockdown of serglycin has also been shown to have diminished levels of 

hepatocyte growth factor (HGF) expression and impaired development in blood vessels, 

indicating that serglycin may affect tumor angiogenesis (Purushothaman 2014). 
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A recent publication from our group (Hamilton et al. 2015) has successfully shown, in a 

spontaneous insulinoma serglycin knockout mouse model, that the loss of serglycin affect 

orthotropic primary tumor growth and tumor vascular functionality of late stage carcinomas. In 

this study it was shown that the absence of serglycin also enhances the tumor vessel 

functionality. The vessels in the tumors from serglycin knockout mice were better perfused than 

vessels in tumors from serglycin wild type mice. Interestingly, the presence of the pro-

angiogenic modulators vascular endothelial growth factor (VEGF) and HGF also decreased in 

the tumors of the serglycin deficient mice, which suggested a less pro-angiogenic environment 

in the tumors of these animals. 

 

1.4. The RIP1-Tag2 serglycin knockout mouse model 

Over the past decade, genetically engineered mouse models of spontaneously developing cancer 

have increasingly been used in studies on mechanisms of carcinogenesis. A strength of these 

models is that cancers arise from normal cells in their natural tissue microenvironments and 

progress through multiple stages, as does human cancer. 

The RIP1-Tag2 (RT) transgenic mouse model of pancreatic islet carcinogenesis serves as a 

general prototype for the pathways, parameters, and molecular multistage tumorgenesis. In the 

RT mouse model, normal islets express the SV40 T antigen (Tag) oncogene and are yet 

morphologically asymptomatic until 3 to 4 weeks of age. Hyperplastic islets then begin to 

appear, displaying β-cell hyper proliferation and features of dysplasia and carcinoma in situ. 

Angiogenic islets arise stochastically from hyperplastic/dysplastic islets by endothelial 

proliferation, vascular dilation and microhemorrhaging. At 10 weeks of age, small encapsulated 

tumors have formed that progress by 12 to 13 weeks into large adenomas and invasive 

carcinomas, both of which are intensely vascularized by dilated hemorrhagic vessels (Bergers 

et al. 1999).  

The serglycin knockout (SG-/-) mouse strain was obtained by targeted inactivation of the gene 

for SG by Åbrink et al (2004). The SG-/- mice were viable and fertile, and showed no altered 

phenotypic or behavioral characteristics compared with their SG+/+ and SG+/- littermates. 

However, SG-/- mast cells were severely affected, displaying a total absence of normal 

granulated mast cells. Various mast cell-specific proteases were shown to be present at mRNA 

level but absent at protein level in the SG-/- mice, indicating that serglycin is essential for the 

storage, but not expression, of the mast cell proteases. 
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1.5. Serglycin proteoglycan in hematopoietic cells, and their role in cancer development 

and progression 

The serglycin proteoglycan is synthesized by a number of hematopoietic cells; megakaryocytes 

(Schick et al. 1988), granulocytes, lymphocytes and macrophages (Stellrech et al. 1991), mast 

cells (Kolset 1990), and also in a large number of hematopoietic tumor cell lines, such as 

leukemic cell lines (Maillet et al. 1992), and one megakaryocytic tumor cell line (Schick 2005). 

In addition serglycin is present in platelets (Alliel et al. 1988).   

 

1.5.1. Serglycin in platelets 

Studies of the serglycin knockout mouse have demonstrated that serglycin is required for proper 

generation and function of secretory granules in several of the hematopoietic cells (Schick 

2010). Platelet aggregation studies of platelet-rich plasma from serglycin deficient mice, have 

suggested a defective aggregation response and formation of platelet thrombi, compared to wild 

type platelets (Woulfe et al. 2008). The platelets may also have other functions that are affected 

by the loss of serglycin. Proteins released by platelets which bind to the chondroitin sulfate 

form of serglycin include platelet factor 4 (PF4) and macrophage inflammatory protein-1α 

(MIP1α) (Kolset et al. 1996). Platelet interaction with monocytes and other leukocytes during 

coagulation and inflammation are modulated by platelet chemokines and cytokines such as 

MIP1α (Schick 2010). In order for tumor cells to metastasize, they probably rely on recruitment 

of host cells to create specialized microenvironments that promotes metastatic progression. 

Platelets that interact with the tumor cells during their transit through the circulation secretes 

CXCL5 and CXCL7 upon contact with the tumor cells, which recruits granulocytes. It has been 

reported that granulocytes interact with tumor cells and facilitate metastatic seeding possibly 

by enhancing tumor cell arrest and extravasation. The mechanisms guiding the assembly of 

these niches are yet unknown. The tumor cells may recruit the host cells directly, or the primary 

host cells may also recruit secondary host cells. Recent studies has shown that platelet derived, 

rather than tumor cell derived, signals are required for the rapid recruitment of granulocytes to 

tumor cells to form “early metastatic niches” (Labelle et al. 2014). Leukocytes, in particular 

monocytes and macrophages, have been shown to be recruited to these metastatic niches, and 

to support metastasis by secreting factors like VEGFA (Qian et al. 2011) that facilitate tumor 

angiogenesis (Carmeliet 2005) and tumor cell extravasation (Qian et al. 2011). Platelets are 

thought to bind to the tumor cells by adhesion molecules, such as P-selectin (Borsig et al. 2001), 

and tissue factor expressed by the tumor cells (Labelle et al. 2014). These interactions result in 
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the platelets forming a physical shield around the tumor cells, which prevents attacks from 

natural killer cells and promotes tumor cell adhesion to the endothelium (Joyce 2009). In a 

study on platelets in serglycin knockout versus wild type mice by Woulfe et al. (2008) PF4 was 

shown to be dramatically reduced in the storage of the serglycin knockout platelets (Woulfe et 

al. 2008). PF4 from platelets is thought to activate neutrophil granulocytes (Schick 2010), 

suggesting that a reduction of this factor in serglycin knockout platelets can, among several 

other effects regarding the role of neutrophils, possibly affect the formation of early metastatic 

niches. Factors such as coagulation factors and neutrophil-activating protein 2, that are 

important for the formation of pre-metastatic niches reside in the platelet α-granules (McNicol 

et al. 1999). An educated guess would be that these and other factors in the α-granules of 

platelets could be affected by loss of serglycin. 

 

1.5.2. Serglycin in macrophages 

Mononuclear phagocytes are versatile cells that can express different functional programs in 

response to environmental signals. Fully polarized M1 and M2 macrophages are extremes of a 

continuum of functional states (Matovani et al. 2002). M1 macrophages are proinflammatory 

potent effector cells that kill microorganisms and produce factors such as tumor necrosis factor 

α (TNFα), Interleukin 6 and 12 (IL-6, IL-12). In contrast M2 macrophages are seen as anti-

inflammatoric as they dampen these inflammatory and adaptive responses by producing anti-

inflammatoric factors such as IL-10, transforming growth factor β (TGFβ), IL-1 receptor 

antagonist (IL-1Ra), promoting angiogenesis, tissue remodeling and repair (Gordon 2003). 

Macrophages that infiltrate the tumor tissues are driven by tumor-derived and T cell-derived 

cytokines to acquire a polarized M2 phenotype as these possess anti-inflammatory qualities 

(Matovani et al. 2002). In tumors, M2 macrophages are thought to provide an 

immunosuppressive microenvironment for tumor growth. These tumor-associated 

macrophages (TAMs), are considered to have a key role in subversion of adaptive immunity 

and in inflammatory circuits that promote tumor growth and progression. They are believed to 

secrete different cytokines, chemokines, and proteases, which promote tumor angiogenesis, 

growth, metastasis, and immunosuppression (Hao et al. 2012). One of these factors that 

macrophages have been shown to secrete is VEGFA (Qian et al. 2011). The secretion of 

VEGFA which acts on endothelial cells and has various effects, such as inducing angiogenesis 

(Carmeliet 2005) and is thought to promote trans-endothelial migration, which also is believed 

to facilitate tumor cell extravasation (Qian et al. 2011). In a study, Zernichow et al. (2006) 
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compared serglycin knockout and serglycin wild type peritoneal and spleen macrophages. In 

this study, proteoglycan biosynthesis was studied and the results suggested that serglycin was 

constitutively secreted from the macrophages and not stored intracellularly. A more recent 

study by Kolset et al. (2015) on a human monocytic cell line, also suggested an increase in the 

release of serglycin from monocytes upon lipopolysaccharide (LPS) stimulation. In addition, 

the serglycin knockout macrophages released more TNFα upon stimulation with LPS 

(Zernichow et al 2006). 

 

1.5.3. Serglycin in neutrophil granulocytes 

High blood leukocytosis has in earlier studies been associated with shorter survival and 

presence of metastases in patients with several non-hematological malignances (Shoenfeld et 

al. 1986). Since then, studies have suggested that a high neutrophil to lymphocyte relationship, 

is associated with a poor clinical outcome in different types of cancer. In contrast to peripheral 

blood neutrophils, the clinical relevance of tumor-infiltrating neutrophils has recently begun to 

become clear, and it has been reported that there is a direct association between tumor-

infiltrating neutrophils and a poor clinical outcome in several types of cancer (Dumitru 2013). 

Niemann et al. (2004) explored the presence of serglycin in human neutrophil granulocytes 

during neutrophil differentiation, as it is thought to play a role in the packaging of granule 

proteins in these cells. In this study serglycin was detected in the Golgi area of promyelocytes 

and myelocytes, as well as in a few band cells and mature neutrophil granulocytes. The level of 

serglycin protein seemed to decrease during myeloid differentiation which coincided with a 

decrease of mRNA expression. The study also revealed immunoreactivity detection of serglycin 

in the subcellular fractions of neutrophil granulocytes containing Golgi apparatus, plasma 

membrane, and secretory vesicles. However, serglycin was not detected in subcellular fractions 

containing primary, secondary, or tertiary granules. Together the study concluded that the 

findings were consistent with a function for serglycin in formation of granules in neutrophil 

granulocytes, while these findings contrasted with the view that native serglycin is present in 

mature granules and plays a role in packaging and regulating the activity of proteolytic enzymes 

(Niemann et al. 2004). 

A later study by Niemann et al.(2007) on the effects loss of serglycin had on the content of the 

major granules in neutrophils, however, showed that the protease elastase was absent at the 

protein level, whilst the neutrophil elastase mRNA was still present.  Niemann et al. (2007) also 
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performed a differential count of the neutrophils, and saw no significant difference between the 

serglycin knockout and wild type mice, suggesting that the lack of serglycin is not causing 

neutropenia. The function of elastase is mainly to break down extracellular matrix components 

(Lee et al. 2001). Neoplasms metastasize as a result of a complex series of events, this process 

requires various degradative enzymes that can degrade the extracellular matrix. Excessive 

neutrophil elastase is thought to result in digestion of extracellular matrix proteins (Sato et al. 

2007) making the results from Niemann et al interesting in connection to tumor progression. 

Taken together, one would assume that the loss of serglycin would impact several different 

aspects of the tumor progression and behavior, as it is abundant in the granules and vesicles of 

different cells affecting the tumor cells with the retention or release of several factors. 

Aim: To investigate if serglycin related alterations of thrombocytes and myeloid cells affects 

tumor progression and behavior 
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2. Materials and Methods 

 

2.1. Mice 

To generate serglycin deficient mice with potential for spontaneous tumor development, RIP1-

Tag2 positive (RTpos) male mice were crossed with females from a serglycin deficient knockout 

(SG-/-) mouse strain (Åbrink et al. 2004). RTposSG+/- males were then mated with RTnegSG+/- 

females to generate RTposSGwt and RTposSGko mice. All females used for breeding were RTneg, 

as it is too stressful for tumor bearing females to carry litters. All mice were on a pure C57BL/6 

genetic background. Littermates of other genotypes were used as far as possible for analysis. 

From 10 weeks of age and onwards, all RTpos mice received drinking water supplied with 5% 

sucrose as the insulin-producing tumors in this model induce hypoglycemia. Animals were 

under daily ocular inspection of their general health by the staff of the animal facility, and no 

differences were observed in health between the two genotypes (Hamilton et al. 2015). 

 

2.1.1. Genotyping 

At approximately 4 weeks of age, a small piece of the mouse tails (~1-2 mm3) was clipped for 

genotyping. In order to heat inactivate endogenous enzymes the tail biopsies were mixed with 

1x Modified Glicher Buffer (67 nM Tris-HCl (pH 8,8), 0,166 mM (NH4)2SO4, 6,5 mM MgCl2), 

1% β-mercaptoethanol, and 0,5% Triton X-100 and heated at 95°C for 5 minutes. To dissolve 

the tissue, Proteinase K (20 mg/ml) was added to the samples and incubated at 55°C until the 

tissue was visibly dissolved. To inactivate Proteinase K, the samples were incubated at 95°C 

for 10 minutes. The samples were centrifuged at 16000 g for 30 seconds to remove debris from 

the samples, and the supernatant containing DNA was collected for genotyping. The reagents 

for Real Time PCR reaction mix (table 1), the primer pairs used for the genotyping (table 2) 

and the Instrument settings for the PCR machine (table 3) for this experiment are listed in the 

tables below. 

Table 1: Real Time PCR reaction mix, genotyping of mice 

Reagents Final concentration  Supplier  

MyTaqTM Red Mix 12,5 µl Bioline 

Forward Primer   

Reverse Primer   

Reference Gene   

H2O   
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Table 2: Primer pairs for genotyping of mice 

Gene Sequence  Supplier  

HRG 127F 5’-CCTGGGGTCAAAGTGAACATGC-3’ Sigma Aldrich 

HRG 183R 5’-CGCTCTGTCCAAGTGGGCGTCA-3’ Sigma Aldrich 

TAG2 F 5’-GGACAACCACAACTAGAATGCAG-3’ Sigma Aldrich 

TAG2 R 5’-CAGAGCAGAATTGTGGAGTGG-3’ Sigma Aldrich 

OMIR 1084 

OMIR 1085 

SGF 

SGR 

NEO T7 

5’-GCGGTCTGGCAGTAAAAACTATC-3’ 

5’-GTGAAACAGCATTGCTGTCACTT-3’ 

5’-GTCTCTGTTTTCACATTCCACGGCCC-3’ 

5’-GGCACAAGCAGGGAACATTCCGAGC-3’ 

5’-GGGCCAGCTCATTCCTCCCACTCATGATCT-3’ 

Sigma Aldrich 

Sigma Aldrich 

Sigma Aldrich 

Sigma Aldrich 

Sigma Aldrich 

 

The PCR reaction was run at a S1000 Thermal Cycler (BioRad).  

Table 3: Real Time PCR program design (35 cycles) 

Explaination °C Time(min) 

DNA denaturation 95 5:15 

Primer annealing 60 0:15 

Primer extention  72 0:30 

 

The samples were run at 90 V on a 2% agarose gel (1g agarose, 0,5x Tris/Borate/EDTA (TBE) 

buffer) with GelRed (Biotium). 

 

2.2. Ethical statement 

All animal work was approved by the Uppsala University board of animal experimentation (C 

319/10, C 57/13 and C 56/14) and thus performed according to the United Kingdom 

Coordinating Committee on Cancer Research (UKCCCR) guidelines for the welfare of animals 

in experimental neoplasia (Workman et al. 1998) The animals were handled in strict accordance 

with good animal practice as defined by the relevant national and local animal welfare bodies. 

The experimental endpoint was set to age 15 weeks for RTpos animals.  
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2.3. Collecting blood samples from mice 

The blood samples were collected on citrate (3,2% NaCitrate, pH 7,4), EDTA (MiniCollect®), 

or heparin coated tubes (MiniCollect®) through eye bleeding or heart puncture procedure on 

mice under deep anesthesia. One terminal bleeding was performed. 

2.4. FACS of monocytes and granulocytes in peripheral blood 

Monoclonal antibodies: FITC-conjugated rat, anti-mouse CD11b mAb (M1/70, BD 

Biosciences, San Diego, CA), Pacific BlueTM-conjugated rat, anti-mouse Ly-6G mAb (1A8, 

BD Biosciences), APC-conjugated rat, anti-mouse CD115 mAb (AFS98, BD Biosciences) 

Isotype controls: FITC-conjugated Rat IgG2a,K (R35-95, BD Biosciences), Pacific BlueTM-

conjugated Rat IgG2a,K (R35-95, BD Biosciences), APC-conjugated Rat IgG2a,K (eBR2a, 

eBiosciences, San Diego, CA). All with mouse immunoglobin reactivity. 

The blood samples were distributed into separate Falcon tubes, 20 ml ACK lysis buffer (0,15 

M NH4Cl, 10 mM KHCO3, 0,1 mM EDTA, pH 7,4) were added to the individual samples and 

incubated on ice for 3 minutes to lyse the erythrocytes. The lysis was stopped with FACS buffer, 

consisting of 2%  fetal bovine serum (FBS) in PBS (136,9 mM NaCl, 2,68 mM KCl, 10,14 mM 

Na2HPO4, 1,76 mM KH2PO4, pH 7,4 ) in a 1:1 ratio with the ACK lysis buffer. The samples 

were centrifuged at 200 g at 4°C for 10 minutes. The supernatant was aspirated and the cell 

pellet were resuspended in 40 ml FACS buffer for additional washing of the cells, and 

centrifuged again at 200 g at 4°C for 10 minutes. The supernatant was aspirated and the cells 

were resuspended in the remaining 1 ml of supernatant, then counted manually in a Bürker 

Chamber and stained with Trypan Blue to view how many live cells there were in the sample. 

Approximately 1×106 cells were transferred to individual FACS tubes (Corning, Tewksbury, 

MA) and the sample volume was adjusted to 250 µl for each tube. For each round of analysis, 

compensation controls were performed in order to produce a gating matrix for the samples. The 

compensation controls were only stained with one of the respective antibody each. Fluorescence 

minus one (FMO) controls is an additional control where two out of three antibodies was added 

in all combinations. These were performed to assess the contribution of spillover into one 

particular laser detector, and to further precise gating on negative/positive population 

boundaries. Isocontrols were used to confirm primary antibody specificity, and to rule out 

possible non-specific Fc receptor binding or other cellular protein interactions. One unstained 

negative control were also included per analysis. Each sample was stained with 1 µl of each 

antibody CD11b (BD Biosciences), CD115 (eBiosciences) and Ly-6G (BD Biosciences). The 

samples were then incubated for 30 minutes on ice, protected from light. After the incubation, 
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FACS buffer was added to each sample and control, and centrifuged at 200 g for 10 min. The 

supernatant was aspirated, and the samples were resuspended in FACS buffer. The samples 

were filtered with the FACS tube cap filter (Corning), and run at BD LSR II Flow Cytometer 

(BD Biosciences) at the SciLife BioVis platform. 

2.5. Immunohistochemistry 

 

2.5.1. Tumor dissection 

Mice were anesthetized by intraperitoneal injection with 2% avertin. Heart perfusion was 

performed with 10 ml of phosphate buffered saline (PBS; pH 7.4) followed by 10 ml of 2% 

paraformaldehyde (PFA) in PBS (pH 7.4) and the pancreas was excised. The tumors were 

dissected from the exocrine pancreas under a stereo dissection microscope. All tissues were 

stored in 30% sucrose in PBS solution over night at 4°C. The material was frozen in OCT 

Cryomount (00890, Histolab) the following day and stored at -70°C until further processed. 

2.5.2. Cryosectioning 

The tumors were sectioned at 5 µm on CryoStar NX70 (Thermo Scientific, Waltham, MA). The 

sections were collected on Superfrost®Plus slides (Thermo scientific, Germany) and the slides 

were left to dry at room temperature for 1 hour, and then stored at -20°C. 

2.5.3. Staining of tissue 

Primary antibodies: Rat, anti-mouse CD31 monoclonal Ab, final dilution 1:1000 (MEC13.3, 

BD Pharmingen San Diego, CA), rabbit, anti-mouse CD31 polyclonal Ab, final dilution 1:250 

(ab283664, Abcam, UK), Rat, anti-mouse CD41 monoclonal Ab, final dilution 1:1000 

(MWReg30, BD Pharmingen), rabbit, anti-mouse MMP9 polyclonal Ab final dilution 1:500 

(ab38898, Abcam). Rabbit, anti-human vWF polyclonal Ab Final dilution 1:500 (A0082, 

DAKO, Denmark). 

Secondary antibodies: Goat, anti-rat polyclonal antibody, conjugated with Alexa Fluor®488 

(A-11006, Life Technologies, Rockford, IL). Goat, anti-rabbit polyclonal antibody, conjugated 

with Alexa Fluor®549 (A-11012, Life Technologies).  

The sections were dried for 10 minutes in room temperature, and the sections were marked with 

a hydrophobic pen (Vector laboratories Inc., Burlingame, CA). The slides was then fixed for 

ten minutes in ice cold methanol. The slides were washed in PBS for 10 min, and then blocked 

with blocking buffer consisting of 5% normal goat serum (NGS) in PBS for one hour. Primary 

antibodies, diluted in blocking buffer, were applied to the sections for staining. Negative 
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controls with only blocking buffer were included to assure no unspecific binding of secondary 

antibodies. The slides were incubated overnight in 4°C. The slides were washed in PBS 3 x 5 

minutes, proceeded with secondary antibodies incubation for 1 hour in room temperature. An 

additional washing step in PBS was performed, as described above. The slides were incubated 

with Hoechst (33342, Life Technologies) for 30 minutes in room temperature, and washed 

again with PBS after the incubation. After this step, the slides were mounted with Fluoromount 

medium (Southern Biotech, Birmingham, AL,) and were left to dry in room temperature for an 

hour before analysis. The samples were analyzed by a Nikon Eclipse 90i microscope (Nikon) 

using the NIS Elements software 3.2V.  Quantification was done by ImageJ Software v.1.48 

(National Institutes of Health, USA) 

2.6. Analyses of primary bone marrow derived monocytes 

 

2.6.1. Production of conditioned medium from L929 cells 

The L929 cells (a kind gift from Dr. Sara Wernersson) were used to produce conditioned 

medium for BMDM. L929 cells are adherent cells obtained from mouse adipose with fibroblast 

morphology. The L929 cells produce macrophage colony-stimulating factor (M-CSF), a linage-

specific growth factor that is responsible for the proliferation and differentiation of committed 

myeloid progenitors into cells of the macrophage/monocyte linage (Weischenfeldt 2008). The 

cells were cultured in regular complete medium (DMEM (Sigma Aldrich, St.Louis, MO), 

5%FBS, 1% P/S (penicillin, streptomycin), until the cells were confluent. The medium was 

collected, sterile filtrated and stored at -20°C.   

2.6.2. Isolation of primary bone marrow derived monocytes 

Front and hind legs were dissected from the mice in order to obtain femur and tibia for collection 

of bone marrow. The legs were transferred to 70% Ethanol and incubated for 1 minute for 

sterilization. The legs were washed twice in regular complete DMEM (DMEM, 10%FBS, 1% 

Glutamine, 1% P/S). For each leg, the muscles were dissected away, and the knuckles were 

separated from the femur and tibia. Each tibia and femur were flushed with complete DMEM 

by a 10 ml syringe with a 23-25G needle, the cells were dissociated by passing the slurry up 

and down the syringe. The cells were filtered through a 70 µm cell strainer, and the filter was 

washed with complete DMEM. After this step, the cells were centrifuged at 200 g for 8 minutes. 

The supernatant was removed, sterile ACK lysis buffer was added and the cells were incubated 

for 10 min on ice. Complete DMEM was added to stop the lysis, and the cells were centrifuged 
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at 200 g for 8 min. The supernatant was removed, and the cells were resuspended in conditioned 

DMEM (DMEM, 10%FCS, 20%LCM, 1%Glutamate, 1%P/S).  

The cells were transferred to a T75 flask, and incubated for 2 hours in 37°C 5% CO2 for 

osteoclasts and other non-monocytic cells to adhere. After incubation, the flask was shaken 

carefully and the supernatant with monocytic precursors were collected. The supernatant was 

centrifuged at 200 g for 8 minutes, the cells were re-suspended in conditioned DMEM and 

2.5x106 cells were reseeded in bacteria plates containing conditioned DMEM, in order for the 

cells to not adhere to strong. The medium was changed every 2-3 days. After 7 days, the 

medium was collected and frozen down at -80°C, the cells were harvested by incubating the 

samples for 10 min in 37°C with 10% trypsin + 0.48 mM EDTA. The trypsin was inhibited 

with serum containing medium, the cells were collected into a Falcon tube and spun down at 

200 g for 8 minutes, the supernatant was discarded and the cells were frozen down at -80°C.  

2.6.3. Quantitative real-time polymerase chain reaction (qPCR) 

Total RNA was extracted using E.Z.N.A. Total RNA extraction kit I manufacturer’s protocol 

for cultured cells (OMEGA Bio-tek, Norcross, GA). The cells were lysed with TRK lysis buffer 

(OMEGA Bio-tek) (2-mercaptoethanol was added to TRK lysis buffer in a 1:50 relation) and 

homogenized. 70% ethanol was added to the cells in a 1:1 ratio with the TRK lysis buffer 

(OMEGA, Bio-tek). The suspension was transferred to a HiBind RNA mini colomn (OMEGA, 

Bio-tek) and centrifuged at 9503 g for 1 minute. The waste in the collection tube was discarded. 

RNA Wash buffer I (OMEGA, Bio-tek) was added to the column, the samples were centrifuged 

at 9503 g for 30 seconds, and the waste was discarded. RNA Wash buffer II (OMEGA, Bio-

tek) was added to the column and the samples were centrifuged at 9503 g for 1 minute, and the 

waste was discarded. This step was repeated twice for proper washing. A fresh waste collection 

tube was added to the column and the samples were centrifuged at 16060 g for 2 minutes to 

completely dry the column. The column was placed in a sample collection tube and the RNA 

was eluted by adding DEPC water (Sigma Aldrich, St. Louis, MO) to the column, and 

centrifugation at 16060 g for 2 minutes. RNA concentration was measured spectrophotometric 

with RNA nanodrop (Thermoscientific, Sweden), with water used as a sample blank.  

 

Applied Biosystem cDNA synthesis kit without RNase inhibitor (Ref: 4368814, Applied 

Biosystems, USA) was utilized to reverse transcribe RNA to cDNA following instructions 

recommended by the manufacturer. Reverse transcription was conducted using ThermoHybaid 
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PCR express, thermal cycler (Thermoscientific, Sweden) according to the thermal conditions 

described in table 5. The reaction mix for each sample is described in table 4. 

 

Table 4: Reverse transcriptase PCR reaction per sample 

Reagents Final concentration (µl) Supplier  

10XRT Buffer 2,0 Applied Biosystems 

25x dNTP Mix (100 mM) 0,8 - 

10x RT Random Primers  2,0 - 

MultiScribeTM Reverse Transcriptase 1,0 - 

Sample 

Nuclease-free H2O 

1,0 

 

- 

 

Table 5: Reverse transcriptase PCR machine program 

Explaination °C  Time (min) 

Annhealing 25 5 

Extention 37 120 

Inactivation of reverse transcriptase 85 10 

 

The tubes containing cDNA was distributed in duplicates into MicroAmp® Optical 384-well 

Reaction Plate with Barcode (Applied Biosystems, USA). Quantification of the mRNA 

expression of the genes in table 6 in untreated RTnegSGko and RTnegSGWT bone marrow derived 

monocytes, was performed with qPCR. The Threshold cycle (Ct) value of each sample was 

determined using TaqMan probe based Lumino Ct™ qPCR Ready Mix (Sigma Aldrich, St. 

Louis, MO) with addition of ROX passive reference dye for normalization of qPCR. The 

primers and probes mix for each gene is listed in table 6. Reagents used for qPCR reaction are 

listed in table 7. The instrument settings used for this experiment are given in table 8. 
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Table 6: Primers and probes for qPCR of untreated bone marrow derived monocytes 

Gene MM number Supplier  

ANGPT2 

ARBP 

CHD1 

COL18al 

FGF1 

FGF2 

FGF5 

FLT4 

HGF 

HIF1A 

MMP2 

MMP9 

PHD2 

TGFB1 

THBS1 

VEGFA 

00545822 

00725448 

01247337 

00487131 

00438906 

00433287 

03053745 

01292604 

01135193 

00468869 

00439498 

00442991 

00459770 

01178820 

00449032 

00437304 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

VEGFB 00442102 Applied Biosystems 

VEGFC 00437310 Applied Biosystems 

VHL 00494137 Applied Biosystems 

VIM 01333430 Applied Biosystems 

 

Table 7: Reagent concentrations for a single qPCR reaction. 

Reagents Final concentration  Supplier  

LuminoCt® qPCR ReadyMix™ 1x Sigma Aldrich 

Probe and primers mix 10 μmol Applied Biosystem 

ROX, Reference Dye for Quantitative PCR  5% Sigma Aldrich 

RNAse free H2O Up to 10 μl Sigma Aldrich 

Template 1 μl - 

 

Table 8: qPCR machine program (40 cycles) 

Explaination °C  Time 

Initial Denaturation 95 20s 

Separation of nucleic acid double chain 95 3s 

Primer annhealing 60 30s 

Polymerization 60  

 

For each sample, expression of different mRNA transcripts was normalized against ARBP (MM 

00725448). The qPCR reactions were performed in technical duplicates with the 7900HT Fast 

Real Time PCR system (Applied Biosystems, USA). The relative mRNA expression was 

calculated using ΔΔCT. 
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2.6.4. Western Blot 

 

Primary antibodies: Polyclonal raised in rabbit directed against: E-Cadherin (ab53033, abcam, 

UK) β-actin (ab8227, abcam, UK), HIF1α (NB100-479, Novus, UK), VEGFC (H-190, Santa 

Cruz Biotech, CA), VEGFA (A-20, Santa Cruz Biotech, CA), HGF (ab83760, abcam, UK). 

Polyclonal raised in goat directed against VEGF-R3 (AF743, RD systems, MN) Primary 

antibodies diluted to the concentration of 1µg/ml were used in this experiment. 

Secondary antibodies: IR-tagged secondary antibodies, diluted to 0,1 µg/ml were utilized to 

detect signal originating from primary antibodies: Donkey, anti-rabbit and donkey anti-goat 

Odyssay (Li-Cor Biosciences, Lincoln, NE) 

Reagents: Blocking buffer: Odyssay (Li-cor Biosciences, Lincoln, NE), 5xRunning buffer 

(0,95 M Glycine, 0,096 M Tris-HCl, 17,34 mM SDS), Transfer buffer (0,192 M Glycine, 0,019 

M Tris-HCl, 200 ml Methanol), Resolving gel 12% , Stacking gel 4%. 2xLaemli Buffer (20 

mM Tris-HCl, 2%SDS, 25% glycerol, 0,3% β-mercaptoethanol, 0,032% bromophenol) 

The BMDM cells were lysed with RIPA lysis buffer (Sigma Aldrich, Germany) containing 10% 

protease inhibitor cocktail (Sigma Aldrich, Germany) and homogenized. The samples was 

centrifuged at 9503 g for 10 minutes at +4°C. Protein concentration was determined using 

Pierce BCA protein assay kit (Thermo Scientific, Sweden) following the microplate protocol. 

To create a calibration curve for protein concentration determination, samples containing 

increasing protein concentrations (0 – 1 μg/μl) were measured spectrophotometric. The samples 

were prepared in duplicates with PBS used as a sample blank. 200 µl reagent was added to each 

sample, calibrator and blank and the samples were incubated at 37°C for 30 minutes. After 

cooling the samples down to room temperature, the absorbance was measured at 562 nm at the 

Labsystems MultiScan®PLUS spectrophotometer (Conquer Scientific, San Diego, CA). The 

blank was subtracted from all samples, and the standard curve was calculated using Microsoft 

Excel 2013v according to Lambert Beers Law.   

The samples ( protein concentration: 10 µg) were mixed with loading dye (2x Laemli Buffer) 

loaded onto the gel and run at 90V until the bands reached the resolving gel, then gradually 

turned up to 200V. The gel was later equilibrated in transfer buffer for 15 minutes. For the 

protein transfer step, an Odissay membrane (I-FL, PVDF) was used. The membrane was placed 

on the gel, inside a sandwich of filter paper and sponges. The cassette was placed in a chamber 



21 
 

filled with transfer buffer, an ice block was added to the system, and the transfer was run at 

100V at 4°C for 2 hours. The membrane was incubated with the primary antibodies at 4°C 

overnight. The membrane was washed 3x10 minutes in 0,1% PBS-Tween followed by a 1 hour 

incubation with secondary antibodies in room temperature. The washing step was repeated and 

the membrane was transferred to H2O and scanned on an Odyssay Scanner (Li-Cor), processed 

with Odyssay 2.1v software. 

2.7. Fibrinogen and APTT analysis of citrated plasma 

Blood samples were collected in a syringe flushed in citrate (3,2% NaCitrate, pH 7,4) and 

collected in tubes in a 9:1 relationship with citrate. The samples were centrifuged twice at 2000 

g for 15 minutes. Citrate plasma was collected into separate tubes for analysis. Fibrinogen was 

analyzed with an antibody based method, activated partial thromboplastin time (APTT) was 

measured by manual method at the Klinisk Kemi laboratory, Universitetsdjursjukhuset, 

Uppsala. 

2.8. Statistical analysis 

For statistical analysis GraphPad Prism 6 6.05v was used. Since there was at the most 4 animals 

in each group, the population cannot be considered as normally distributed, and Mann-Whitney 

non-parametric test was performed with a 95,0 confidence level. Significance was determined 

by P value < 0,05.   
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3. Results 

 

3.1. FACS analysis of monocytes and granulocytes in peripheral blood 

 

FACS analysis was performed, with Ly-6G, CD115 and CD11b as markers for monocytes and 

granulocytes, to assess if there was any difference between the RTnegSGko and RTnegSGWT mice 

in peripheral blood. The amount of Ly-6G+, CD115+, CD11b+, CD11b+Ly-6G+, 

CD115+CD11b+, Ly-6G+CD115+ cells were quantified. Earlier studies in our group revealed 

that there were no significant difference of F4/80+ macrophages and Gr-1+ granulocytes in the 

tumor tissue between RTposSGko and RTposSGWT mice (Hamilton et al 2015). These results 

made it important to further investigate if there were any differences in the amount of 

granulocytes and monocytes in peripheral blood between the genotypes. A difference between 

the genotypes in peripheral blood would suggest that the recruitment of these cells to the tumor 

tissue is different in serglycin knockout and wild type mice. FACS analysis of peripheral blood 

gives the opportunity to select specific extra- or intracellular markers of the cells one desire to 

quantify in addition to the properties provided in regular flow cytomeri, measuring the size and 

granulation of the cells. In this study, one of the challenges was to find antibodies that would 

cover most of the monocyte and granulocyte population in peripheral blood, as the goal was to 

quantify these cells and identify a possible difference between the genotypes. CD11b is strongly 

expressed in myeloid cells, and the antibody targeting CD11b was chosen to cover both 

monocytes and granulocytes. Antibodies targeting CD115 were chosen to cover most of the 

monocyte population and Ly-6G was chosen for the granulocytes (mainly neutrophils). The 

method was optimized by evaluation of the many steps of the procedure from beginning to end. 

To obtain the best possible quality of the blood samples, both heart- and eye bleeding 

procedures were performed and compared in both heparin- and ethylenediaminetetraacetic acid 

(EDTA) coated tubes. The washing steps in the procedure were minimized to ensure that not 

too many cells were lost in the sample preparation steps. The conditions for centrifugation were 

optimized to a lower g-force and temperature in order to not disrupt the cells. For erythrocyte 

lysis, different variants and incubation times of the ACK lysis buffer were tested, to make sure 

the cells of interest were not lysed. In addition, different sample collection tubes were tested for 

the sample preparation, ensuring that the cell pellet was not lost when discarding supernatants 

after washing steps. The evaluation of the amount of cells retained during the steps was done 

manually. The FACS procedure was optimized regarding all these steps, to get a successful 

analysis. Compensation, FMO, isotype and negative controls were performed to ensure the 
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quality of the respective antibodies and to be able to segregate the positive signals from each 

fluorophor upon instrument analysis. The instrument settings were adjusted to cover all the cells 

of interest in the forward (FFC-A) and side scatter (SSC-A) area plot. After software 

compensation was set, the samples were gated combining knowledge from literature studies on 

how granulated and large the cells of interest would be, secluding debris and cell doublets in 

the sample. A matrix, comparing two of each antibody, was created to differentiate between 

single and double positive cells for the antibodies of interest. (Figure 1) The preliminary results 

from the analysis showed no significant difference between the genotypes (Figure 2). 
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Figure 1. The gating procedure for FACS analysis of monocytes and granulocytes in peripheral 

gated blood. A picture from FlowingSoftware showing how the positive events was selected. 

The FlowingSoftware data automatically includes the instrument software compensated 

performed upon measurement.  
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Figure 2: Results from FACS analysis of monocytes and granulocytes in peripheral gated 

blood. Percentage positive events (CD11b+, Ly-6G+, CD115+, Ly-6G++CD11b+, 

CD115++CD11b+, Ly-6G++CD115+) of total events for RTnegSGko and RTnegSGWT mice. (n=6 

for the ko group, n=7 for the wt group, the analysis was done in 5 repeats). The difference in 

positive events were non-significant between the genotypes. (P>0,05, Mann-Whitney).  
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3.2. Western blot and qPCR of factors related to angiogenesis and migration in 

untreated RTnegSGWT and RTnegSGko primary bone marrow derived monocytes 

After investigating the amount of monocytes in peripheral blood, the next step was to explore 

if there were any changes in the function of the macrophages. A pilot test on primary bone 

marrow derived monocytes, undifferentiated (M0), was performed to assess this. The procedure 

was conducted two times. An optimizing of the trypsin step conditions was performed where 

the trypsin incubation step was changed from room temperature to 37°C, as the cells adhered 

strongly to the culture flask plastic. In the first incubation step, osteoclasts and other non-

monocyte cells from the bone marrow adhere leaving monocytes for collection in the medium. 

The length of the incubation step was changed from overnight to 2 hours, as this process was 

suspected to take less time than initially thought. The first experiment did not give enough live 

cells for further analysis, the second experiment gave live cells but not enough cells were 

obtained for further analysis due to miscalculations when seeding the cells for the 6-days 

incubation step. This made the progression with other methods challenging. The phenotype of 

the cells was not screened for this pilot experiment, as the goal was primarily to see if cells 

could successfully be obtained from the bone marrow. qPCR and Western blot was performed 

on lysates of the primary bone marrow derived monocytes to see if the relative mRNA and 

protein expression were different between the genotypes. For most of the primers and probes, 

the procedure did not work optimally for all of the samples, which could be due to an error in 

either the sample preparation steps or the instrument. However, results were successfully 

obtained for vimentin and VEGFB. The Western blot analysis worked for loading control β-

actin and Hypoxia-inducable factor 1 α (HIF1α), but not for VEGFA, VEGFC, VEGF-R3 and 

E-Cadherin. The amount of protein obtained from the cells was limited due to the small amount 

of cells used for this analysis, and as much protein as possible was loaded into the wells of the 

Western blot which might have affected the outcome of the analyses. Bubbles on the membrane 

also made it difficult to view some of the positively stained protein bands.   
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Figure 3: Preliminary screening of mRNA relative expression and protein expression and 

relative mRNA expression in untreated primary bone marrow derived monocytes from 

RTnegSGWT and RTnegSGko mice. (n=1 for RTnegSGWT and n=1 RTnegSGko). (a) Results from 

Western Blot analysis showing HIF1a positive stained bands. (b)Results of mRNA relative 

expression of VEGFB and Vimentin from qPCR analysis. The reference gene used to create 

the mRNA relative expression was ARBP. 
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3.3. Immunohistochemistry results 

Localization of platelets and matrix metallopeptidase 9 (MMP9) positive cells was performed 

on cryosectioned tissue from RTposSGko and RTposSGWT mice (figure 8). In addition, tissue was 

stained with markers for CD31, von Willebrand factor (vWF) (figure 6 and 7) and CD41 

respectively (figure 4 and 5). By staining for CD41 in the tumor tissue, the aim was to find out 

if there were any differences in the amount and localization of thrombocytes present the tumor 

upon loss of serglycin. For vWF, this was done in order to see if the vessels were mature in the 

RTposSGko tumors, previous studies by our group (Hamilton et al. 2015) has suggested that the 

tumor volume is larger, and the vessels are less leaky in the RTposSGko mice, compared to the 

RTposSGwt mice. Inspired by an experiment of Labelle et al (2014) a staining with MMP9 and 

CD41 was made to see if it was possible to view interactions between platelet and granulocytes, 

exploring platelet function to sequester granulocytes upon loss of serglycin. This was done to 

further investigate if formation of early premetastatic niches could be affected upon loss of 

serglycin. MMP9 was chosen as a marker for granulocytes due to technical issues of the Gr-1 

and CD41 primary antibody being rat immunoglobulin, since a secondary antibody with 

fluorescent marker would target the species of the primary antibody, and would in this case 

bind to both of the primary antibodies. Previous results from our group (unpublished) have 

shown a co-localization of MMP9 and Gr-1 respectively. From the present experiment, platelets 

seem to be co-localized with MMP9 in both the RTposSGko and RTposSGwt mice, suggesting that 

loss of serglycin might not affect the platelets ability to interact with MMP9 positive cells. 
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Figure 4: Quantification of CD41 in tumors from RIP1-Tag2 Serglycin wild type and knockout 

mice. The pictures show the staining of thrombocytes (green) and endothelial cells (red), 

comparing (a) RTposSGWT and (b) RTposSGko mice. The pictures shown in (a) and (b) are taken 

at 10x magnification. Thrombocytes were visualized with CD41 primary antibody, staining 

with a FITC conjugated secondary antibody. Endothelial cells were visualized with CD31 

primary antibody, staining with a Texas Red conjugated secondary antibody. 



30 
 

 

Figure 5: Results from the quantification of CD41 in tumors from RIP1-Tag2 Serglycin wild 

type and knockout mice. The fluorescent signal of CD31 and CD41 positive stained areas on 

the sections were quantified using area count by ImageJ Software 1.48v. A ratio of CD31/CD41 

area count was performed for each animal, and the genotypes were compared statistically (n=4 

for RTposSGWT, n=4 for RTposSGko mice). The difference in CD31/CD41 ratio area count was 

non-significant between the genotypes. (P>0,05, Mann-Whitney test). 
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Figure 6: Quantification of von Willebrand factor in tumors from RIP1-Tag2 Serglycin wild 

type and knockout mice. The pictures show staining of endothelial cells (green) to von 

Willebrand Factor (vWF) (red), comparing (a) RTposSGWT and (b) RTposSGko mice. The pictures 

shown in (a) and (b) are taken at 10x magnification. Endothelial cells were visualized with 

CD31 primary antibody, staining with a FITC conjugated secondary antibody. vWF was 

visualized with vWF primary antibody, staining with a Texas Red conjugated secondary 

antibody. 
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Figure 7: Results from the quantification of von Willebrand factor in tumors from RIP1-Tag2 

Serglycin wild type and knockout mice. The fluorescent signal of CD31 and vWF positive 

stained areas on the sections were quantified using area count by ImageJ Software 1.48v. A 

ratio of CD31/vWF area count was performed for each animal, and the genotypes were 

compared statistically (n=4 for RTposSGWT, n=4 for RTposSGko mice). The difference in 

CD31/vWF ratio area count was non-significant between the genotypes. (P>0,05, Mann-

Whitney test). 
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Figure 8: Co-localization of MMP9 and CD31 revealed in RIP1-Tag2 Serglycin wild type 

and knockout mice. Thrombocytes were visualized with CD41 primary antibody, staining 

with a FITC conjugated secondary antibody. MMP9 was visualized with MMP9 primary 

antibody, staining with a Texas Red conjugated secondary antibody.  (a)The pictures of 

RTposSGWT were obtained at 20x magnification. (b) The pictures of RTposSGko were obtained 

at 10x magnification. (c) Enlarged (40x magnification) picture of a tumor section from 

RTposSGko mouse displaying CD41 positive thrombocytes surrounding an MMP9 positive 

cell. (n=1 for RTposSGWT, n=1 for RTposSGko mice). 
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3.5. Coagulation analysis of APTT and Fibrinogen in citrated plasma 

In order to investigate the coagulation functions in peripheral blood upon loss of serglycin, a 

test of APTT and fibrinogen analysis was performed. APTT and fibrinogen analyses can give 

information about platelet functions. Citrated blood samples were successfully obtained by 

heart puncture of RTnegSGko and RTnegSGWT mice. The samples were centrifuged and citrate 

plasma was collected for analysis of fibrinogen and APTT. It was not possible to obtain any 

reliable results from this experiment, as the fibrinogen antibody based method was optimized 

mainly for horse and dog fibrinogen, and not for mouse fibrinogen. The APTT gave some 

undeterminable results, and could not be interpreted at this stage. 
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4. Discussion 

 

FACS analysis was performed, with Ly-6G, CD115 and CD11b as markers for monocytes and 

granulocytes, to assess if there were any differences in these cells between the RTnegSGko and 

RTnegSGWT mice in peripheral blood. The FACS results showed no significant difference 

between the genotypes of CD11b+, CD115+, Ly-6G+, CD11b+Ly-6G+, CD11b+CD115+ and 

CD115+Ly-6G+ cells. The CD115 marker was chosen for the monocytes to cover most of the 

population and the Ly-6G marker was chosen to cover most of the granulocyte population, 

mostly neutrophils. CD11b functions as a marker for myeloid cells including both monocytes 

and granulocytes. Earlier studies by our group suggests that there was no significant difference 

of F4/80+ macrophages and Gr-1+ granulocytes in the tumor tissue between RTposSGko and 

RTposSGWT mice (Hamilton et al. 2015). If a difference in the amount of monocytes and 

granulocyte was observed in peripheral blood in contrast to the findings in the tumor tissue, it 

might have suggested that more or less of these cells are recruited to the tumor upon loss of 

serglycin. In this experiment, no difference in the amount of monocytes and granulocytes was 

observed, which suggests that there is not a difference in monocyte and granulocyte 

sequestration to the tumor tissue. Other studies have also suggested that serglycin knockout 

mice do not display any significant difference in neutrophil differential counts compared to the 

wild type in peripheral blood (Niemann et al. 2007). The result from these two experiments are 

also important for the investigation of factors linked to myeloid cells in peripheral blood and 

tumor tissue upon loss of serglycin. A different amount of macrophages and granulocytes could 

possibly falsely increase or decrease the quantity of factors as a result of a different amount of 

macrophages and/or granulocytes.  

For the experimental part of this project, each step of the FACS method had to be optimized 

and evaluated. Different blood sampling procedures were performed and compared to find the 

procedure that would provide the largest quantity of blood with the best working anti-coagulant. 

To evaluate which procedure that worked better, the amount of live cells were counted after 

every single step of the procedure during optimization. After careful evaluation of both EDTA 

and heparin anti-coagulants, and eye-bleeding compared to heart sampling as blood collection 

methods, the eye-bleeding procedure with heparin-coated tubes seemed to work best in most of 

the cases. For the sample preparation procedure, it seemed like a lot of cells were lost in the 

washing steps. The speed of the centrifuge had to be adjusted carefully, to avoid cell pellets 

being packed too loosely and to prevent that cells became disrupted. The washing steps were 



36 
 

therefore minimized to avoid further loss of cells, and 200-400 g seemed to be the optimal speed 

for centrifugation. Different sample collection tubes were tested for the sample preparation 

steps, ensuring that the cell pellet was not lost when discarding supernatants after the washing 

steps.  In order to successfully lyse erythrocytes without lysing the cells of interest at the same 

time, different variants of ACK lysis buffer were tested under different conditions. The cells 

were counted to evaluate the amount of cells obtained during the different steps of the 

procedure. After optimizing the FACS procedure regarding all the previously mentioned steps, 

the sample and control setup for each analysis was designed. To ensure the best possible quality 

of the analysis, it was decided that several controls should be included. FMO controls, isotype 

controls, compensation controls and negative controls were performed and prepared together 

with the samples for each round of analysis. The compensation controls were performed in 

order to be able to segregate between fluorescent signals from the different antibodies. When 

several fluorescent antibodies are selected to perform FACS analysis, compensation controls 

has to be performed, as the fluorophores attached to the antibodies of interest can emit 

fluorescence at wavelengths that are close to each other at the color spectrum. Compensation 

controls, where the samples are stained with only one antibody each, enable the instrument to 

create a matrix where the fluorescent signal from each antibody can be segregated. In most of 

the cases there were too few Ly-6G positive cells in order to create a good compensation for 

the samples. FMO- and isotype controls were only performed during the very first experiment; 

compensation controls were prioritized above the previous mentioned controls when too few 

cells were obtained from the blood samples. Ideally, it would be necessary to include all of the 

different controls to ensure a greater experimental quality. The instrument settings were 

adjusted to cover all of the cells of interest in the FFC-A and SSC-A area plot. However, it was 

discovered that the Ly-6G positive cells might be situated higher on the SSC-A axis as the 

granulocytes are highly granulated, which may be one of the reasons for the low Ly-6G positive 

counts in our samples. Taken together, more results are needed to verify the previous results. 

To investigate the functions of serglycin in platelets and granulocytes, an experiment was 

performed on tumor tissue from RTposSGko and RTposSGwt mice, staining with markers for these 

cells to view their localization in relationship to each other. This was done as a first step to 

investigate if formation of early premetastatic niches may be affected by loss of serglycin, 

inspired by an experiment of Labelle et al. (2014). In my study, the experiment was performed 

to see if it was possible to view interactions in general between platelet and granulocytes in the 

tumor tissue, exploring if there were any obvious changes in platelet function to recruit 
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granulocytes upon loss of serglycin. MMP9 was chosen as a marker for granulocytes due to 

technical issues, since the Gr-1 and CD41 primary antibodies both were rat immunoglobulin 

and would have cross-reactions with a secondary antibody. Previous results from our group 

(unpublished) had shown a co-localization of MMP9 and Gr-1 respectively. In this study, 

platelets seemed to be co-localized with MMP9 positive cells in both the RTposSGko and 

RTposSGWT mice, suggesting that loss of serglycin does not affect the platelets ability to interact 

with MMP9 positive cells. Further, it would be interesting to perform a count of all platelet-

MMP9 co-localizations in more animals of each genotype, to make a large-scale comparison of 

RTposSGko and RTposSGWT mice.    

VEGFs are important stimulators central to cancer formation and progression. This family of 

cytokines includes VEGF-A, VEGF-B, VEGF-C and VEGF-D. Each one of which act to 

regulate the processes of angiogenesis and/or lymphiogenesis through their target receptors, 

which are essential for tumor growth and metastasis (Hanrahan et al. 2003). Macrophages have 

been shown to secrete factors such as VEGF-A (Qian et al. 2011) which acts mainly on blood 

vessels and has various effects, such as inducing angiogenesis by mediating increased vascular 

permeability (Carmeliet 2005). VEGF-A is also thought to promote trans-endothelial migration, 

which is believed to facilitate tumor cell extravasation (Qian et al. 2011). VEGF-C is thought 

to stimulate lymphogenesis (Witzenbichler et al. 1998).  In vitro, VEGF-B has been shown to 

stimulate endothelial growth and proliferation (Olofsson et al. 1998). However, the molecular 

downstream targets of VEGF-B have this far remained unclear. In a study by Zhang et al. 

(2009), it was suggested that VEGF-B seems to be critical for blood vessel survival under 

pathological conditions. Taken together, this makes VEGFs and their receptors interesting 

targets to investigate both in the matter of their angiogenic and metastatic properties in the 

tumor (Carmeliet 2005).  

Recent results from our group suggests that the presence of VEGF-A and HGF is decreased in 

the tumors of serglycin deficient mice, indicating a less pro-angiogenic environment in the 

tumors of these animals (Hamilton et al. 2015). Purushothaman (2014) also observed 

diminished levels of HGF in tumors formed from cells deficient in serglycin. Additionally, an 

impaired development of blood vessels was observed in the serglycin deficient cells, indicating 

that serglycin may affect tumor angiogenesis. In my study, the aim was to further investigate 

the impacts of loss of serglycin on angiogenic factors, such as VEGFs and HGF, focused on 

untreated primary bone marrow derived monocytes. This was done to see if the serglycin 
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deficient monocytes display the same trends regarding these factors as previously seen in the 

tumor tissue (Hamilton et al. 2015). 

A preliminary test of the primary RTnegSGko and RTnegSGWT bone marrow derived monocytes 

was performed. This was done as a first step to see if there were any differences between the 

genotypes on mRNA and protein level in cell lysates of untreated monocytes. Unfortunately, 

few cells could be obtained from the cell culture step for analysis, which left a low amount of 

mRNA and protein to proceed with for qPCR and Western blot. The qPCR results were only 

successful for vimentin and VEGF-B. Interestingly, there seemed to be a lower VEGF-B 

mRNA expression in the untreated RTnegSGko primary bone marrow derived monocytes 

compared to the RTnegSGWT. The suggestive down-regulated mRNA expression of VEGF-B 

from monocytes leads to the question about which impact this might have on the blood vessel 

survival. It would also be interesting to proceed with an investigation of VEGF receptor 

expression in RTposSGko tumors. There was also a rather large difference in relative mRNA 

expression level of vimentin between the RTnegSGko and RTnegSGWT primary bone marrow 

monocytes. 

Vimentin, an intermediate filament protein, has been reported to be expressed in normal 

mesenchymal cells and in invasive carcinoma cells. An in vitro experiment performed by 

Mclnroy et al. (2007) reported that a down-regulation of vimentin expression resulted in 

impaired migration in colon and breast cancer cell lines, suggesting that vimentin plays a role 

in the ability of these cells to migrate. Another study on vimentin knockout mice, showed that 

vimentin deficient fibroblasts may display a reduced mechanical stability, motility and 

directional migration towards different chemo-attractive stimuli (Eckers et al. 1998). Upon 

differentiation, monocytes/macrophages have also been shown to have increased intracellular 

levels of vimentin (Beneš et al. 2006). It would be interesting to investigate whether the loss of 

serglycin affects the monocyte/macrophage ability to migrate indirectly by affecting the 

intracellular transcription levels of vimentin. However, replications of the analysis have to be 

performed with more animals from the different genotypes to determine whether these results 

are not simply a product of differences between individual animals, but actual differences 

between the genotypes. The results do suggest that the expression of these genes, and their up- 

and down-stream regulators, should be further investigated in monocytes and macrophages.   

HIF1α is a key protein, regulating the response of a variety of genes upon hypoxica. Pathways 

that regulate angiogenesis and erythropoiesis are directly regulated by HIF binding to the 
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hypoxia-responsive elements of hypoxia-regulated genes (Koukourakis et al. 2002). In my 

experiment, the Western blot of unstimulated RTnegSGko and RTnegSGWT primary bone marrow 

derived monocytes suggested a lower amount of HIF1α in the RTnegSGko compared to the 

RTnegSGWT, but HIF1α activity status was not investigated. HIF1α regulates many genes, such 

as VEGFs, when induced by low oxygen conditions (Blouin et al. 2004). From my experiment, 

it was not possible to detect VEGF-C, HGF, VEGFR-3, or VEGF-A bands due to technical 

difficulties. Further experiments will have to be performed in order to evaluate the presence or 

absence of these proteins in serglycin knockout monocytes. The results from the qPCR 

experiment suggested that the mRNA expression of VEGF-B was possibly down-regulated in 

the RTnegSGko primary bone marrow derived monocytes, leading to the question whether the 

loss of serglycin affects HIF1α and thereby affects the regulation of hypoxic genes. Assuming 

that the effects of the loss of serglycin are rather complex, it would be interesting to further 

investigate this hypothesis in the future. 

The immunohistochemistry staining of CD41 positive thrombocytes in the tumor tissue of 

RTposSGko and RTposSGWT mice showed no significant difference between the genotypes. An 

earlier regular flow cytometry measurement, performed by our group (unpublished), of the 

amount of thrombocytes in peripheral blood from RTposSGko, RTposSGWT, RTnegSGko and 

RTnegSGWT mice do not show any big difference between the genotypes. Assuming that the loss 

of SG does not greatly affect the amount of thrombocytes in the tumor tissue or in the blood 

stream, it would be interesting to further investigate the functions of the thrombocytes are 

changed. Serglycin is thought to reside in the α-granules of platelets, and it has already been 

shown that α-granules factors such as PF4 are affected by loss of serglycin (Woulfe et al. 2008). 

This makes it interesting to study if the expression of any of the factors in these granules, such 

as coagulation and angiogenic factors, would be affected too when SG is not present. vWF is 

an adhesive glycoprotein whose function is mainly to repair blood vessels. It is synthesized by 

endothelial cells, and megakaryocytes, and resides in the platelet α-granules (Wagner 1990). 

Our group has previously shown that the loss of serglycin may affect tumor vascular 

functionality, and found that the absence of serglycin also enhanced the tumor vessel 

functionality, which was better perfused than in tumors from serglycin wild type mice 

(Hamilton et al. 2015). In my experiment, the aim was to expand the knowledge about the 

impact loss of serglycin has on the tumor vessel functionality. Mature endothelial cells produce 

vWF, therefore a co-staining of CD31 and vWF was performed to determine the amount of 

possible mature vessels in the tumor tissue. vWF is also interesting to study as it is found in 



40 
 

different pools in the body (Schick et al. 1988), and it seems to play a role in blood vessel repair 

and interactions between platelets and endothelial cells (Wagner 1990). 

To discover if there were any changes in vWF upon loss of SG, immunohistochemistry was 

performed on the tumor tissue from RTposSGko and RTposSGWT mice, by staining for vWF 

together with CD31, in order to visualize the vWF location in relation to endothelial cells. In 

the four animals screened of each genotype, there seemed to be no significant difference 

between the genotypes in the amount of vWF. A screening of more animals has to be performed 

to investigate this further. Although the difference was insignificant, a minor trend was seen in 

the RTposSGko mice suggesting a slightly reduced amount of vWF compared to the RTposSGWT 

mice. Since vWF is present in different pools in the body, and synthesized by both endothelial 

cells and megakaryocytes (Schick et al. 1988), its connection to the loss of serglycin seems to 

be complex.  

To further investigate platelet coagulation functions upon loss of serglycin, a pilot screening of 

citrated plasma was conducted for fibrinogen and APTT of RTnegSGko and RTnegSGWT. A 

screening of APTT provides an overall coagulation function assessment. It is interesting to 

study the effects loss of serglycin has on the general functions of coagulation, since platelets 

act on monocytes and granulocytes upon coagulation (Schick 2010). Labelle et al. (2014) have 

suggested the importance of recruitment of these cells during the formation of early 

premetastatic niches upon metastatic progression. In addition, hemostasis and angiogenesis are 

closely linked, as fibrin-rich clot formation and platelet aggregation precede infiltration of 

blood vessels into a wound. Production of tissue factor, initiation of coagulation, and 

microvessel density are believed to be closely related in many tumors (Carmeliet 2003). 

Serglycin is thought to reside in the α-granules of platelets (Schick 2010). A comparative 

quantification of fibrinogen and an assessment of hemostasis function between the genotypes 

was of interest, as fibrinogen and several coagulation factors are thought to be localized in 

platelet α-granules as well (McNicol 1999). 

Achieving results from this experiment turned out to be difficult. The fibrinogen method was 

antibody based, and only optimized for dog and horse measurements, leaving the possibility 

that these antibodies would not react with mouse fibrinogen. The blood sampling and 

preparation procedure performed on the mice was successful. However, it is possible that the 

restraint on the blood when it passed through the syringe during sampling caused activation of 

coagulation factors, leaving the results from the APTT analysis hard to interpret. Different 
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coagulation measurement methods provided by facilities specializing on mice should be 

considered for successful analysis of coagulation factors in murine blood. 
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