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ABSTRACT  
The main purpose of my thesis s to study the function of liprin-

in adhesion and tumor cell progression in head and neck squamous cell 

carcinoma and breast cancer. Liprin-  PPFIA1 is located 

at the 11q13 region. 11q13 region is frequently amplified in several cancers and 

it often leads to poor prognosis of the patients. Liprin-

of LAR protein tyrosine phosphatase-interacting proteins (liprins). Liprin-

is related to cell spreading, motility and invasion, and is involved in the 

regulation of focal adhesion signaling and disassembly. Previous results have 

-

in epithelial cancer cells. Therefore, the 

the cellular functions of liprin- in cancer progression to improve our 

understanding of the role of liprin- the biology of head and neck and 

breast cancer. We first studied cellular localization of liprin-

metastatic cancer cell lines. Interestingly, liprin- 1 localized to different 

adhesion and cytoskeletal structures depending on the invasiveness of the 

cells. In cell lines originating from primary tumors, liprin- 1 localized to 

, liprin-

mostly located near the leading edge 

r cell progression. Liprin- 1 influenced the 

invasive 

capabilities. In invasive breast cancer cells, liprin- 1 had a significant impact 

on mesenchymal cancer cell invasion and the 

three-dimensional collagen. In non-invasive cells 

- 1 located the invadosome structures, liprin- 1 

did not have an . On the other hand, in the 11q13 

amplified cells liprin- 1  cohesive in 

limited invasive capacity. We - 1 contributes to 

cancer cell invasion by regulating intermediate filament vimentin, thereby 

 to cellular structures 

related to adhesion in epithelial cancers. These data indicate that the effect of 

liprin- - and cell type-
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dependent. The aim 

pa - the -

RNA sequencing and gene set enrichment analysis after liprin-

 the 

regulation of membrane microdomains, the positive regulation of cell death 

and the regulation of anchoring junctions. Most importantly, liprin-

-  a correlation of 

high liprin-

squamous cell carcinomas supported these results. 

liprin-

enhanced invasive properties, partly restoring the 

To study the potential role of liprin-

a drug response modulator due to its importance in regulating cancer cell 

 

-  Liprin-

Taken 

together, - l 

cancer cell invasion and its effect in cancer progression and cell invasive 

-dependent. In addition, thesis provides insight 

into the liprin-  related to adhesion and 

cytoskeletal elements. Furthermore, as liprin- has an important role in 

cancer cell adhesion and invasion, it may be an indicator for several drugs that 

inhibit targets contributing to the  
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YHTEENVETO 
Väitöskirjatyöni tarkoituksena on ollut tutkia PPFIA1-geenin, joka paikantuu 

11q13 geenimonistuma-alueelle, roolia syöpäsolujen adheesiossa ja 

kehityksessä pään ja kaulan alueen syövässä sekä rintasyövässä. 11q13 

geenimonistuma-alue on yleinen muutos useissa epiteelisyövissä, ja sen on 

todettu liittyvän usein potilaan huonoon ennusteeseen. Projektin 

tarkoituksena on ollut selvittää solutasolla kuinka PPFIA1:sen koodaama 

lipriini-

merkittävää roolia syöpäsolujen kehityksessä. Ensimmäinen osa 

väitöskirjassani selvittää lipriini-

syövässä ja rintasyövässä. Paikantumista tutkittiin pään ja kaulan alueen 

primaarisyövän ja metastaattisen syövän soluissa, sekä aggressiivisissa 

rintasyöpäsoluissa. Mielenkiintoista oli, että lipriini- ui 

invadosomirakenteisiin pään ja kaulan alueen primaarituumorista eristetyissä 

soluissa.  Invadosomirakenteet, joihin lipriini-

hajottamaan ympäröivää matriksia, joka on tärkeä ominaisuus syöpäsolujen 

invaasiossa. Liikkuvammissa soluissa lipriini-

adheesiorakenteita tai solujen solukalvon taakse, joka on tärkeää solujen 

liikkeessä. Kolmiulotteisessa matriksissa lipriini-

solujen kolonioista ulostyöntyviä invasiivisia rakenteita, jotka kasvoivat 

ympäröivään matriksiin rintasyöpäsoluissa. Soluissa, jotka olivat heikosti 

invasiivisia kolmiulotteiseen kollageenin ja joissa lipriini-

invadosomirakenteisiin, lipriini-

kun taas 11q13 geenimonistuma-alueen omaava solulinja tarvitsi 

kohesiiviseen kasvuun lipriini-

lipriini- vimentiinifilamenttien tuoton 

lisääntymiseen pään ja kaulan alueen soluissa. Näin ollen lipriini-

vaikutus solujen kasvuun ja leviämiseen riippuu syöpätyypistä sekä siitä, 

ovatko solut primaarituumorista vai metastaattisesta syövästä. Toisen osatyön 

tarkoituksena oli syventää ymmärrystä lipriini-

kolmiulotteisessa ympäristössä. Aluksi testattiin aggressiivisia pään ja kaulan 

alueen syöpäsoluja ja lipriini-

kasvuun, joka osoitti, että lipriini-
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Lipriini- n tai invadosomien kaltaisiin 

rakenteisiin lähelle solukalvoa kolmiulotteisessa matriksissa. RNA-

sekvensointikoe ja geeniryhmien rikastumisanalyysi lipriini-

jälkeen paljasti monia erilaisia signalointireittejä, jotka ovat tärkeitä 

syöpäsolujen signaloinnissa. Näihin kuului muun muassa 

membraanimikrodomeenien säätely, positiivinen vaikutus solukuolemaan, ja 

ankkuroivat solu-soluliitokset. RNA-sekvensointi paljasti lisäksi, että lipriini-

ääntyneeseen 

tuottoon. CD82:n lisääntynyt määrä nähtiin vesikkelin kaltaisissa rakenteissa 

kaksiulotteisessa soluviljelyssä. Kun soluja kasvatettiin kolmiulotteisessa 

kollageenissa, CD82-proteiini paikantui solukalvolle lipriini- hiljennetyissä 

soluissa, kun taas lipriini-

kaltaisiin rakenteisiin tai solukalvon läheisyyteen kontrollisoluissa. Kun 

CD82-proteiini hiljennettiin osittain, johti hiljennys kollageenissa invasiivisen 

kasvun lisääntymiseen lipriini- 1 hiljennetyissä soluissa vahvistaen lipriini-

Kielen syövän potilaista koostuvassa 

kudosnäyteanalyysissa havaittiin merkittävä korrelaatio korkean lipriini-

iimeisessä osatyössä 

selvitettiin lipriini-

paljasti, että lipriini- EK-inhibiittorit sekä 

lääkkeet, jotka säätelevät solujen invasiivista kasvua ja jakautumista, toimivat 

tehokkaammin verrattuna lipriini-

tuo merkittävän määrän uutta tietoa lipriini-

kehityksessä erilaisissa syöpätyypeissä, ja kuinka se liittyy adheesio- ja 

invadosomirakenteisiin useiden proteiinien ja solutukirangan välityksellä. 

Lisäksi väitöskirjani tuo uutta tietoa lipriini-

syöpänäytteissä sekä sen merkityksestä lääkevasteeseen metastaattisissa 

syöpäsoluissa. Yhteenvetona voidaan todeta, että PPFIA1, joka lokalisoituu 

11q13 monistuma-alueelle ja tuottaa lipriini-

adheesiossa ja invaasiossa ja saattaa olla myös kiinnostava merkkiaine 

jatkotutkimuksia ajatellen sellaisille lääkkeille, jotka liittyvät syöpäsolujen 

metastaattiseen kasvuun. 
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ABBREVIATIONS 
AMPA – -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 

AP2 – activating protein 2 

ATP – adenosine triphosphate 

BFB – breakage-fusion-bridge  

CAMKII – Ca 2+/calmodulin-dependent protein kinase II 

CASK – calcium/calmodulin dependent serine protein kinase 

CD82 – CD82 Antigen, Metastasis Suppressor Kangai-1 

Cdc42 – Cell Division Cycle 42 

DBM – destruction box motif 

DNA – deoxyribonucleic acid 

DRCR – double rolling-circle replication 

DSS – drug sensitivity score 

ECM – extracellular matrix 

EEA1 – early endosome antigen 1 

EGF –  

EGFR -  

ERC1 – ELKS-Rab6-interacting protein-CASK 

FA – focal adhesion 

FAK – focal adhesion kinase 

FoSTeS – ing  

GIT1 – G Protein-Coupled Receptor Kinase Interacting ArfGAP 1 

GRIP – glutamate receptor interacting protein 

GSEA – gene set enrichment analysis 

GTPase – a large family of hydrolase enzymes that can bind and hydrolyze 
guanosine triphosphate (GTP) 

HER2 -  

HNSCC – head and neck squamous cell carcinoma 

HPV – human papilloma virus  

IE - intractable epilepsy 
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IF – intermediate filaments 

ING4 –  

JunB – transcription factor Jun-B 

LAR – leukocyte antigen protein tyrosine phosphatase 

LH – liprin homology 

LL5 – pleckstrin homology like domain family B member 1 and 2 

MMP – matrix metalloproteinase 

MTT – (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) 

OPSCC - oropharyngeal squamous cell carcinoma  

p53 – tumor protein p53 

PDZ – PDZ binding sequence 

PPFIA1 - PTPRF Interacting Protein Alpha 1:  Protein Tyrosine Phosphatase, 
Receptor Type, F Polypeptide (PTPRF), Interacting Protein (Liprin), Alpha 1 

PTPase – protein tyrosine phosphatase  

Rac1 – Rac Family Small GTPase 1 

Rho – family of GTPases 

RIM – Regulating Synaptic Membrane Exocytosis 1 

Rock – Rho-associated protein kinase 

RNA – ribonucleic acid 

RT – radiotherapy 

SAM – sterile alpha motif 

SCCHN – squamous cell carcinoma of the head and neck  

scRNAseq - single cell RNA sequencing  

Src – proto-oncogene tyrosine-protein kinase  

syd-2 – synapse-defective-2 

TAM - tumour associated macrophage  

TGF-  –  

TLE - intractable temporal lobe epilepsy 

TNF  – tumor necrosis factor alpha 

UICC - The Union for International Cancer Control's  
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UPS – ubiquitin-proteasome system  

VEGF –  

2D –  

3D – three dimensional 

5’FU – fluorourasil 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



14 
 

1. LIST OF ORIGINAL PUBLICATIONS 
 

consists  

 

1. , von Nandelstadh P, Karhemo PR, Lepikhova T, 
Grénman R, Lehti K, Monni O. Liprin- 1 is a regulator of vimentin 

 
Sci Rep. 6:24486, 2016. 

 
 

2. H, Lento M, von Nandelstadh P, Filippou A, Grénman R, 
Lehti K, Monni O. Liprin-
transmembrane protein CD82 in adhesive membrane domains linked 
to cytoskeleton. Cell Commun Signal. 16:41, 2018.  
 
 

3. , Karhemo P-R, Lento M, Mäkelä A, Filippou A, Mäkitie 
AA, Hagström J, Monni O. PPFIA1 as a potential drug response 
indicator in metastatic breast cancer cells. Manuscript  
 

 

 

 

 

 

 

 

 

 

 



15 
 

2. INTRODUCTION 
 

Head and neck squamous cell carcinoma (HNSCC) and breast cancer can be 
life-threatening conditions if not diagnosed at the early stages of the disease1-

4. It is crucial and important to study molecular background of these 
malignancies to gain insight rs arise and develop. Genetic 
aberrations, including mutations and structural alterations, are common in 
cancer and they accumulate during the development of tumor into severe 
disease5-7. Gene amplifications -
promoting genes, commonly occur in the development of cancer8. One of the 
most commonly amplified region is 11q139

of cancer patients10-12. The  
to cell cycle and invasion, but the role of many genes in cancer progression has 
not been studied in detail. One of these genes is PPFIA1 is located at 
the core of the 11q13 region10,13. PPFIA1 encodes the liprin-
been described as an adhesion and invasion cellular 
functions in neuronal and non-neuronal cells14-18. 

Adhesion and invasion are important factors in tumor cell progression19,20. 
Tumor cells use adhesive and invasive structures to attach to the surrounding 
environment and to pass through the extracellular matrix to invade into the 
surrounding tissue or environment20. Adhesive and invasive structures consist 
of large amount of proteins, and several factors are involved in the stability 
and composition of these dynamic structures called focal adhesions21 and 
invadosomes22. Crucial factors for the formation of adhesive or invasive 
structures include the tumor cell environment and composition, matrix 
availability and mechanosensing of the environment23-26. These aspects have 
an impact on -cell contacts and cell-extracellular matrix contacts are 
developed.  

In this study, a number of molecular biology methods and in vitro cell models 
applied to investigate the role of liprin-

processes related to cell adhesion and invasion. Whole transcriptome analysis 
 liprin-

By using multiple approaches in molecular biology and 
applied tumor genomics  molecular 
mechanisms -  contributes to tumor progression and 
invasion.  
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3. REVIEW OF THE LITERATURE 

3.1 Head and neck squamous cell carcinoma (HNSCC) 
 

3.1.1 Epidemiology and clinical features 

Head and neck squamous cell carcinoma (HNSCC) comprises the sixth most 

 27(Cancer Facts and Figures 2012, American 

Cancer Society), and consists of a heterogeneous group of cancers arising from 

the upper aerodigestive tract1. In Finland, 

around 80028. The aerodigestive tract has crucial roles in respiration, speech 
29. HNSCC originates from the nasal cavity, paranasal sinuses, 

oral cavity, tongue, salivary glands, pharynx and larynx, and the pharynx 

includes the nasopharynx, oropharynx and hypopharynx27,30. The different 

regions of head and neck cancer are illustrated in Figure 1. The five-year 

survival rate of HNSCC depends on the anatomical site of the cancer27,31,32 

 has implications on the prognosis, survival and the choice of treatment 
27. Treatments commonly deteriorate the life quality of the patients, and thus 

it is crucial to identify the anatomical site of origin27. Staging of oral cancer is 

done according to the classification system of The Union for International 

Cancer Control's (UICC) (Table defines to the tissue 

the tumor has is the tumor has spread to the lymph nodes 

and M describes 33,34. Advanced 

metastatic spreading of the disease to lymph nodes complicates better 

survival35. HNSCC can be divided into HPV negative and positive cancers36,37. 

 differ by the survival expectations for patients38-40

as in molecular profile41-44. The HPV negative group36 has a less favorable 

survival status,  the prognosis for HPV positive cases is better38. 

Precancerous lesions, such as leukoplakias or erythroplakia45, may occur 

before invasive cancer. In general, HNSCC is thought to arise from several 

precancerous genetically altered cells in a process called “field cancerization”, 

into premalignant and malignant lesions46. 
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Definition of TNM classification. T=tumor, N=node, M=metastasis; 
the stages in HNSCC, table adapted and modified from Sobin et al., 1997, 
Brierley et al., 2017 33,34.  

 

                                           

 

                                     

 

 

 

 

 

 Anatomical sites of 
These include parasanal sinuses, nasal cavity, oral cavity, tongue, salivary 
glands, larynx and pharynx. Pharynx can be divided into nasopharynx, 
oropharynx, and hypopharynx27. Simplified illustration adapted and modified 
from the images at -and-
neck/ (Cancer Research UK) and https://training.seer.cancer.gov/head-

(National Cancer Institute). 

 
3.1.2 Molecular genetic and epigenetic changes in HNSCC 

Several genetic aberrations are related to the development of HNSCC, and the 

earliest model for HNSCC development  introduced in the 1990’s47. The 

initial stages of cancer development include loss of heterozygosity at 3p, 9p 

and 17p,  gains in 11q, 4q and 8p occur in the more advanced stages of 

Tongue

Larynx

Nasal Cavity

Pharynx

Esophagus

Oral cavity
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tumor progression47. 

abnormalities promote progression of HNSCC 48-51. It is thought that cancer 

initiation can a single stem cell in cancer 

and in HNSCC 52-54. Stem cells typically stay for a longer time in the tissue, 

-

has been suggested that the longer a cell persists in a tissue, the higher the 

become tumorigenic54. A commonly amplified gene in HNSCC is epidermal 

 receptor (EGFR), and it is commonly considered as a driver 

gene36,51. Gene amplifications are discussed in more detail later in the text 

(Chapter 6). In addition, epigenetic changes influence cancer progression, and 

different methylation subtypes have been characterized for HNSCC. For 

example, the genes that are silenced by hypermethylation in OPSCC are 

related to including apoptosis, DNA repair, cell cycle and 

WNT signaling55.  In HNSCC, several molecular genetic events lead to either 

inactivation of tumour suppressor genes or activation of proto-oncogenes 

(Figure 2)51. 

 

 

 Adapted and modified from references (Califano, et al., 1996, 
Argiris et al., 2008, Perez-Ordonez et al.,2006) 47,51,56. In the progression of 
head and neck cancer, different genetic alterations occur. 11q13 amplification 
can be seen in the later stages of the carcinoma progression. 

 

9p21 deletion
p16/p14 inactivation
Trisomy 7
EGFR
Telomerase activation

3p deletions
TP53 mutations
Tetraploidy

11q13
13q21
8p deletion
Aneuploidy
Cyclin D1 amplification

18q deletion
10q23
3q26
PTEN inactivation

Normal
mucosa

Hyperplasia Dysplasia Carcinoma
in situ

Carcinoma

GENOMIC INSTABILITY
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3.1.3 Risk factors and treatment in HNSCC 

The most common risk factors for HNSCC include tobacco smoking and 

alcohol consumption for cancers originating from the oral cavity, oropharynx, 

hypopharynx and larynx 57-60. HPV infections are a common risk factor for 

certain subtypes of HNSCC61. Head and neck cancers originating from the 

rest of the oropharynx have a milder association, and the oral cavity and larynx 
62. High risk HPV types HPV16

is the most common type, and HPV18 to a lesser extent are causal factors for 

HPV positive squamous cell carcinoma of the head and neck (SCCHN)63,64. In 

situ hybridization and p16 staining for immunohistochemistry are used for 

detection of HPV subtypes related to oncogenic transformation65. HPV16 and 

HPV18 cause cancer through the viral oncoproteins E6 and E7 by inactivation 

of tumour suppressor proteins (p53, PRb)66. Gene expression profiles and 

HPV positive cancers43, and HPV positive tumors typically have 

a better prognosis than  HPV negative tumors67. For the prevention 

of HNSCC in the future, it is important to reduce alcohol consumption and 

tobacco smoking, and HPV vaccinations are also thought to decrease the 

risk68. The treatment options for HNSCC include surgery, chemotherapy and 

radiotherapy (RT)51. Typically, the first and standard treatment choices for 

early or localized carcinoma are surgical operation or radiation therapy for the 

oral cavity, pharyngeal and laryngeal cancers51. Commonly used 

chemotherapy agents for primary therapy for hea

usually simultaneous radiation are cisplatin, carboplatin, and 5-FU69-80.

Immunotherapy is emerging as a promising and possible alternative treatment 

for HNSCC81. Immune system alterations include among others molecular 

changes in immune chec an increase in the proportion 

of immunosuppressive regulatory T cells82-84, abnormal regulation of T cells85, 

alterations in cytokines86, myeloid dendritic cells (MDC)87 and decreasing the 

number of natural killer cells88,89. Therapies that restore the activity of the 

immune system are under research 

immune checkpoint inhibitors81.
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3.1.4 Intratumoural heterogeneity 

es to the treatment of HNSCC is intratumoural 

heterogeneity, as this may lead to differential responses to therapeutic agents 
90. Tumors have different genetically altered landscapes91, and cancer stem 

cells may also be present in the cancer tissue92-95. More data using single-cell 

transcriptomics provide information on HNSCC heterogeneity35, and 

mathematical models of intratumoural heterogeneity and its effect on clinical 

outcomes have been generated and explored96-98. Intratumoural heterogeneity 

the tumor microenvironment have effects on cell-cell and molecular 

interactions, and heterogeneity may be result of genetic change, or changes in 

environment99,100,101. There is evidence that high intratumoural genetic 
97. 

4. Breast cancer 
 

4.1 Breast cancer subtypes 

Breast cancer is 3, but the overall mortality 

is decreasing due to improved mammographic screening and treatment102. 

Breast cancer can be divided into different subtypes, luminal A (good 

prognosis) and luminal B (poor prognosis), HER2-positive, basal-like, and 

claudin- 2,103,104. In addition, additional subtypes based on 

molecular drivers have been characterized105. HER2 cancers have an 

amplification of HER2 and are commonly highly proliferative, as basal-like 

cancers usually have poorer prognosis than luminal types103. Gene expression 

profiling is used for the classification of breast cancer and it underlines the 

complexity of the disease106. 

driver alterations in HER2-positive tumors add complexity to HER2-
107. 

To improve patient treatment outcomes, subtyping classification based on 

gene expression has been used108,109. Different breast cancer subtypes are 

considered to arise from various cells of origin110. The breast epithelium forms 
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and basal/myoepithelial cells111. Stem cell properties are found in the 

subpopulation of basal epithelial cells that can give rise to the mammary 
112,113.  

5. Tumour microenvironment 
 

In general, tumor microenvironment includes multiple cell types such as 

cancer associated fibroblasts, immune and inflammatory cells, the blood and 

lymphatic vascular 114. In 

addition to different cell types, the extracellular matrix of tumour 

hormones from tumour and stromal cells114. The tumour microenvironment 

in the response to 

therapies115. Gene expression profiles related to the microenvironment have 

 its importance from a prognost 116-118. Cells related to 

immunity, immune cells119, and cells called cancer–associated fibroblasts120 

are the main classes of cells that can be found in the tumour 

microenvironment. Cells that have a positive effect on tumour development as 

although specific immune cells can also have a negative effect on tumour 

progression121. Gene expression signatures and the activation of specific cell 

are influenced by the environment and cell culture 

conditions. If cells are cultured in the three dimensional cell culture platform, 

the microenvironment are more essential and 

available -dimensional cell culture122,123. In a previous 

study, 3D cell  the cell proliferation rate and 

viability of the cells and the expression of genes related to cellular metabolism 

in 2D and 3D environment124. Because these 

methodological factors affect cell signaling, taking into account this variation 

is important to get the reliable over patterns in a 

cell122,123. In addition, intratumoural heterogeneity and individual 

characteristics of tumours in vivo poses additional challenge for studying cell 

signaling events in cancer cells99,114.  
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6 Gene amplification in cancer 
 

Gene amplification refers 

the overexpression of the genes that are amplified8. Gene amplification is a 

common event in cancer and constitutes a defined region in a chromosome125. 

The majority of the amplicons include several genes rather than just a single 

gene8,126,127. The structure of an amplicon is often complex including several 

core regions5-7,9,128 . Although amplicons typically consist of several genes,  

only some of the genes provide a  advantage to the cells129. 

Amplicon drivers are gene or genes located in the amplicon that provide a 

 advantage to cancer cells, and driver genes are typically both 

overexpressed and amplified9. Methods, such as integrative genomic and 

transcriptomic profiling, have been able to identify such potential drivers9. 

6.1 Mechanisms of gene amplification 
There are four hypotheses that have been proposed to explain the formation 

of amplicons: extrareplication and recombination130, the breakage-fusion-

bridge (BFB) cycle131, double rolling-circle replication (DRCR)132, and 

replication fork stalling and tching (FoSTeS)130. The most 

common mechanism, the breakage-fusion-bridge mechanism

the loss of a telomere and the fusion of sister chromatids133. The formation of 

a dicentric chromosome leads to the formation of a bridge during anaphase, 

then re-breaks, and as the cycle proceeds, the daughter cells may receive 

uneven chromatid. Thus, genes that 

chromatids result in the same chromatid133.  

6.2 11q13 amplification 

DNA breakage and sister chromatid fusion134,135 due to a break at the 

chromosomal fragile site FRA11F 135-137. In addition to 11q13 amplification in 

HNSCC, the loss of the 11q distal part of the chromosome may lead to more 

severe disease138,139. Loss of distal 11q in HNSCC is suggested to lead to 

chromosomal instability, tumor cell progression, and resistance to cancer 

therapy134. In addition to HNSCC36,125,140-142,143,144,145 11q13 amplification is a 
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common event in breast cancer11,126,129,146-152, ovary153,154, lung155, skin 

(melanoma)156-163, esophagus164-166, pancreas167,168 and bladder cancer169,170. 

11q13 amplification includes a core of frequently amplified genes, such as 

PPFIA1, CCND1 and CTTN10,13,165,171,172. 

Figure 3. CCND1 encodes the cyclin D1 protein that promotes G1/S transition 

of the cell cycle171 and CTTN165

tumor progression and invasion. One of the genes at the 11q13 amplification 

that have not been studied in detail include PPFIA1,that encodes liprin-

protein. A previous study described 11q13 amplified genes including PPFIA1 

as important genes for cancer progression173. Another s

metastatic OSCC, there a copy number 

alteration at 11q13.2-11q13.3 and gene expression, and PPFIA1 

most significantly altered genes10. Recently, a study evaluated the potential 

d

cell carcinomas (OPSCC)12. Integrative analysis of gene copy number and 

expression identified 10 commonly altered genes in the 11q13 region to be 

cancer-related12. PPFIA1 one of these genes, and  

in addition to HPV status, PPFIA1 overexpression  independent 

prognostic marker12.  

3  The 11q13 amplification core. 
line are marked in red. PPFIA1 is located at the core region of 11q13 
amplification13,174.  the 
Agilent oligo array-based Comparative Genomic Hybridization (CGH) data 

-2 algorithm for 
genes mapping to 11q13 region. (Data provided by Oncogenomics Lab, by O. 
Monni)13,174 
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7. Liprin protein family 
 

Liprin- consists of the liprin-

and liprin-  that have been classified based on sequence similarities 

and binding characteristics14,175. In invertebrates (C. elegans, Drosophila),  

liprin- e, syd-2 (synapse-defective-2),176 and Dliprin177 have homology to 

liprin family. In vertebrates, four different liprin- -

 (LIP.1), - - - 175. The human liprin- -

conservation of amino acid identity178. The structure of liprin- s of 

three SAM (sterile alpha motif) domains, the C terminal domain, 

forming the LH domain, and the  to form 

coiled-coil structures14,17,175,178,179 (Figure 4). All the liprin-

expressed in all regions of the brain. In addition, liprin-

various tissues, and liprin- - are predominantly expressed in 

brain tissue and liprin- has the highest expression in muscle tissue178. 

Liprins first identified as LAR leukocyte antigen protein tyrosine 

phosphatase-interacting proteins17,175, and phosphorylation of liprin regulates 

binding to LAR180. Initially, LAR and liprin- -

localize at the discrete ends of focal adhesions (FAs)17. The liprin- 1/LAR 

complex  the 

to extracellular matrix through protein tyrosine phosphatase activity175. 

Liprin-  consists of 32 exons in both human and mouse and it has five 

alternative splice variants 

expression178. Liprin-  solely in the adult brain, 

a specific developmental 

expressed in the adult 

brain178. Interestingly,  has the ability to 

autophosphorylate, and through this can self-regulate interactions through an 

intrinsic enzymatic activity180. 
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4  The liprin- s of N terminal coiled-coil domains, 
, DBM 

motif and C-terminal PZD binding sequence. Liprin- 1 shares partial 
homology liprin- . Simplified image is adapted and modified from 
references (de Curtis I., 2011, Serra-Pages et al., 1998) 14,175. 

 

7.1 Physiological role of liprins 

Liprin- to synapse assembly 

and function181-183. Liprin- expressed and enriched at the active 

zones of neurons181. Liprin-

and excitatory synapses, the assembly, organization and function of 

presynaptic active zones and in vesicle trafficking178. Liprin-alphas have 

important in synapse maturation182 and in active zones183. Liprin-

alphas have also been  the trafficking of synaptic vesicles184. In 

addition, liprin- at the dendrites, 

hippocampal neurons, and postsynaptic sites185-187,  a postsynaptic 

activity related to glutamate receptor interacting protein (GRIP), and targeting 

of AMPA receptors187. ERC1 (ELKS-Rab6-interacting protein-CASK) is needed 
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- latory role in 

neurotransmitter signaling188. - is recruited to 

synaptic membranes by ERC1188. 

partner for liprin- 185,188, and GIT proteins are related to migration, adhesion 

and trafficking189. GIT proteins are involved in focal adhesions, and GIT2 has 

Cdc42-related focal adhesion signaling190. At postsynaptic sites, the protein 

complex formed by GIT1 and liprin-

targeting185. Also, liprin-

dependent serine protein kinase), through the SAM1 domain191. CAMKII 

- , and, 

additionally, its expression is regulated by ubiquitin-proteasome system 

(UPS) in hippocampal neurons192. A -

ting 

of LAR receptors and finally to reduced synapse amount192. Introduction of 

liprin-  homolog mutants in C. elegans (syd-2) led to an unusual distribution 

of presynaptic proteins, prolonged active zones and deteriorated synaptic 

transmission176. Recently, PPFIA1 has been identified as a potential risk gene 

for Alzheimer’s disease193. Also, that liprin- is 

upregulated 

(IE), the same study that liprin-

hippocampus and cortex of the intractable temporal lobe epilepsy (TLE) rat 

model compared to the control group194. Liprin-  

several important physiological functions in the regulation of neuronal cells. 

Kinesin-3/KIF1A is important in the vesicular transport of synaptic vesicles, 

- 186. Liprin-  1 interact in Drosophila 

and in C. elegans, and SYD2/liprin- -

104/kinesin, and disturbances in these interactions lead to impairments in 

vesicle transport through axons184,195. In neuronal cells and perhaps also in 

non-neuronal cells, it has been suggested that liprin-

complexes might have a role in cargo transport14. 
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7.2 Liprins in cell motility and adhesion 

14, regulating cell 

spreading, 1 integrin signaling and recycling196-198. Liprin- contributes to 

the assembly/disassembly of focal adhesions, and stabilizes inactive integrins 

at the cell membrane for further activation s to novel adhesion 

sites197. Our study ha iprin- 1 localizes at invadosome structures 

 in HNSCC cells18. Liprin-  regulates 

extracellular matrix degradation  in 

motile breast cancer cells15,18. In colon cancer cells, liprin- promotes cell 

migration and spreading, and in these cells liprin-  interacts 199. In 

vivo, liprin- is the metastatic potential of cancer cells 200. 

Liprin- belongs to the adhesome proteome

involved in integrin adhesion complexes  201. Liprin- 1 is involved in 5 1 

recycling and in the vascular phenotype of zebrafish via fibronectin202. In 

endothelial cells and zebrafish embryos, depletion of PPFIA1 led to impaired 

vascular morphogenesis, as zebrafish embryos had cardiovascular defects such 
202. Liprin- 1 is a member 

is important in cell migration, 

the ERC1 and LL5 proteins, and in focal adhesion turnover16,198. 

A r - 1 participates in the invadosome 

development, and although it does not prevent invadosome formation, it is 

important in the regulation of the motility and maturation of invadosome 

structures203. It has been suggested that liprin-

differently in different types of cancer cells depending on the protein-protein 

interactions and protein composition of the cells14. In addition, the tumor cell 

environment may play a crucial role in defining the role of liprins in cancer cell 

signaling. 
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8. Adhesive and invasive structures in cells 
 

8.1 Focal adhesions and focal contacts 

Previously, liprin-  a a 

focal adhesion association175. Focal adhesions are complex multiprotein 

complexes (Figure 5) the 

actin cytoskeleton to the extracellular matrix, and these sites contain proteins 

like vinculin, talin, GTPases, kinases and phosphatases24,204-210. Different 

definitions for focal adhesions exist, and they can be classified as focal 

complexes, focal adhesions, fibrillar adhesions and three-dimensional (3D) 

matrix adhesions205,211. Regulation of focal adhesions or complexes can occur 

through Rac and Cdc42211,212, and Rho activity controls focal adhesions211,213. 

Defined as complex signaling structures, focal adhesions consist of several 

protein- the cell regulates different interactions 

at different states of cell migration or the cell cycle is not fully . 

Additionally, matrix availability has effects on the cellular composition of 

adhesion structures211. Proteins that have important functions in migration, in 

adhesion, focal complexes and focal adhesions include among others 

FAK211,214-216, Src211,217,218, paxillin210,211, talin209,211, vinculin209,219, and 

transmembrane protein integrins220,221. Focal adhesion size is an important 

factor for determining their impact on cell migration21. Focal adhesions 

formed in cells are not stable, but transient complexes, crucial for cell 

spreading and  and 

constant assembly and disassembly222-226. Focal adhesions are 

mechanosensing complexes, and interactions of several proteins such as 

vinculin and talin are important227,228. The vinculin association to talin is 

suggested to be regulated by tension forces229-231. Sensing of environmental 

cues at the cell surface has a major effect on the participation of specific 

integrins into the adhesion complexes, and this greatly influences the 

V 3, 5 1), and the process of focal 

adhesion assembly and disassembly23,211,232-235. 
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5  Simplified figure of focal adhesions in cell movement. Image 
modified and adapted from (Humpries et al., 2007209

permission by Rockefeller University Press). 

 

8.2 Cytoskeletal elements, intermediate filaments and 

adhesion 

Actin and microtubules 
209,236-238.  Intermediate filaments, 

cytoskeletal protein family239

adhesions of focal adhesions. Vimentin intermediate filaments are important 

in the epithelial to mesenchymal transition and in migratory properties of the 

cells239,240. Intermediate filaments 

maintaining tension forces of the actin cytoskeleton, sensing stretching of the 

cells241, and they deliver information about mechanical forces inside the cell 

through integrins242. Evidence of  

intermediate filaments exist243-245, and post-translational modifications are 

signaling246. It is suggested 
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focal adhesions and intermediate filaments is 

bidirectional245,247,248. intermediate 

filaments at focal adhesion sites is needed for focal adhesion dynamics and if 

this is impaired it has impact on focal adhesion assembly and cell motility249. 

In addition phosphorylation of vimentin regulates modifications of 

lamellipodia formation240, and phosphorylation of 

vimentin at S71 inhibits migration of cells as a result of sphingolipid treatment 

related to Rock activity and focal adhesion250. In endothelial cells, the number 

of focal contacts association 

stress251. Interesting observation is that p53 protein associates the 

vimentin cytoskeleton in senescent fibroblasts decreased cell signaling of 

the focal adhesion proteins and smaller focal adhesions252. Importantly, 

intermediate filaments have been linked in vesicle trafficking, and possibly 

modulation of the surface expression of integrins241,253-257. Apart from 

malignant cells, overproduction of vimentin leads to the senescence of 

fibroblasts258. In addition, senescent cells have a dense and long vimentin 
258. In addition, in epithelial cells, 

increased motility can be linked to the lack of a specific keratin intermediate 
259,260. Keratins are involved in adhesion and interactions 

and 

include the binding of plectin, a focal adhesion protein257,261-263. 

 
8.3 Invadosomes 

iprin- is part of an invadosome complex occurring 

spontaneously in HNSCC cells from primary tumors18. In addition liprin-

nvadosomes in ere invadosomes can be induced by c-

Src overexpression203. The term invadosome includes structures called 

invadopodia in cancer cells, and podosomes in non-transformed cells, and are 

actin rich adhesion structures 264. Podosomes can be found in dendritic cells, 

macrophages, endothelial cells, vascular smooth muscle cells and 

osteoclasts265-271. Invadosome structures are mechano-adhesive, and 

important in invasion processes20,22,26,272,273. Invadosomes can be present as 

aggregates, individual dots, rosettes or linear structures25 (Figure 6). 
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Invadosomes are also called microdomains, and are commonly formed at the 

ventral surface of the cell25,274,275. Invadosomes 

and degrade the extracellular matrix using matrix metalloproteinases 

(MMP’s)276. Invadosome structures have been observed in vivo277-279.  

 

 

 

 Simplified image of invadosome organization in x-y and z directions 
in cancer cells . Green illustrates core of 
invadosome s of F-actin and cortactin. Red illustrates adhesion 
ring, s of adhesion proteins. B. Image illustrates the degradating 
capabilities of invadosomes into extracellular matrix 
violet/dark green). Image is adapted and modified from (Di Martino et al., 
2016, and Hoshino et al., 2013)25,280 

 

 Invadosomes are able to function as mechanosensors20, and they can sense 

and respond to the stiffness of the extracellular matrix20,281-285. The properties 

of invadosomes vary (size, half- number inside individual 

cells, and formation of invadosomes is dependent on the surrounding 

environment and the cell type19,276,286-288. In certain cells (including 

macrophages, dendritic cells and osteoclasts) invadosomes form 

adhesion is occurring289,290. Endothelial cells can form invadosomes after the 

introduction of a stimulant, such as expression of active Cdc42271, activation 

of c-Src, introduction of phorbol esters or sodium fluoride291-294, or for 

example  (TGF- , vascular 

 or tumour necrosis factor  (TNF- )295,296. 

In cancer cells, invadosomes can be induced for example by 

factor (EGF) or TGF- , and they can be either inducible or constitutively 
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expressed in cancer cells297,298. Substrate structure has an effect on the number 

of invadosomes281,299, their maturation, the 
282. 

Degradative capabilities are dependent on the rigidity of the environment300. 

in a soft environment, this 

contractility301,302, a decreased density of invadosomes and ECM degradation, 

a stiffer matrix 

environment281,299. An environment that mimics the in vivo environment in 

a high density of fibrillary collagen I303. Other environmental cues can, in 

addition, induce the formation of invadosomes such as topological cues, static 

pressure and injury304. Invadosomes can sense modifications of actin 

dynamics and changes in myosin tension leading to modified organization and 

degradation of the extracellular matrix281,283. Invadosomes have the ability to 

sense the intrinsic mechanosensitivity

invadosomes, produce protrusion forces that are enhanced 

rigidity of the ECM305. This is dependent on the actin filament structure of the 

invadosomes that interact -linkers306. The 

majority of studies exploring invadosomes have been done in vitro, but there 

is evidence that invadosomes also exist in the in vivo environment25. Imaging 

techniques for studying invadosomes limit the identification of invadosome 

structures, but methods such as intravital multiphoton microscopy can be 

used to observe cells in vivo 307-309. Invadosome-

like and invadopodia-like structures have been studied in several animal 

models278,310-318. Invadosome-like structures are often related to the 

degradation of the basement membrane25. There is evidence that after 

cytokine exposure, human umbilical vein endothelial cells formed rosettes and 

had proteolytic functions294,295,319, and ex vivo studies for angiogenesis have 

revealed that rosettes co- 320. In 

addition, invadosome rosettes have -A 

treatment in the mouse endothelium, and 

to be crucial for the branch

angi  6 1 integrins 
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stabilization of the structures317. 

invadosome marker), or inhibition of matrix metalloproteinases (MMPs), 

leads to prevention of invadosome formation, and Tks5 positive protrusions 

degraded extracellular matrix proteins. This study clarifies the potential 

relevance of invadosome structures in the in vivo environment 316.  

 

8.4 Other proteins related to cell adhesion and invasion 
 

8.4.1 KAI1/CD82, adhesion and integrins 

Tetraspanin membrane protein CD82 has been linked to integrin signaling321-

325, and by several 

studies, and to associate 
326-331  expression contributes to the 6 

integrin internalization, and through this specific integrin, to the adhesion 

properties of cells332. Additionally, 

an important modulator of 1 integrin maturation, and its overexpression 

reduced the migratory capabilities of the cells323. CD82 also has an important 

function in hematopoietic stem cells333. 

is regulated and activated is crucial in order to develop its potential use in 

therapies334. Despite limited number of data, the available information 

suggests that loss of CD82 expression is caused by mutation, loss of 

heterozygosity, mutation of the promoter or hypermethylation of the 

promoter335-338. In addition, a dominant negative protein might occur due to a 

splice variant334. CD82 can be regulated transcriptionally, and a 

that p53, JunB and AP2 regulated KAI1/CD82339,340. Post-transcriptional 

regulation occurs as 

ubiquitination, palmitoylation and glycosylation, and these modifications are 

needed for the proper function of CD82326,341. It has been speculated that 

diminished or missing334. KAI1/CD82 has been considered as a metastatic 

suppressor for solid tumors342, and a metastatic suppressor role has been 

described in laryngeal343, breast344, prostate345-347, colon348,349, pancreatic350, 

gastric351, hepatocarcinoma352 and thyroid353 
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regulate oral cancer cell migration and invasion, and in a xenograft model, 

reduced the volume of the tumors354. 

 

human oral cancer patients355,356. Furthermore, overexpression of CD82 has 

the in vitro migration and in vivo metastasis of breast 

cancer344. Finally, CD82 has been related to prostate cancer 

progression336,344.  
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9. AIMS OF THE STUDY 
 

Liprin- PPFIA1, 

region at 11q13 in head and neck squamous cell carcinoma and breast cancer. 

Previously, the role of liprin-

-

ll signaling and progression. The specific 

aims of my study : 

  

1) To determine the cellular localization of liprin-
role in cancer cell adhesion and invasion processes 
 

2) 
liprin-  expression 

 

3) To study the expression of liprin-  and their correlation in 
clinical HNSCC samples 

 

4) To explore the potential of liprin- in 
metastatic cells 
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10. MATERIALS AND METHODS 
 

10.1 Cell lines (Part I, II, III) 
The c the head and neck cancer cell lines UT-
SCC-19A, UT-SCC-19B, UT-SCC-24A, UT-SCC-24B, UT-SCC-42A, UT-SCC-
42B and UT-SCC- re derived from HNSCC patients (the cell lines 
have been provided by Prof. Reidar Grènman, Department of 
Otorhinolaryngology, Head and Neck Surgery, University of Turku), SCC-25 
(ATCC), and the breast cancer cell lines MDA-MB-231 and Hs578T (ATCC).  

 

Cell lines used in studies I-III. Abbreviations: UT-SCC = University 
of Turku Squamous Cell Carcinoma, A = primary tumor, B = metastasis. 
*ATCC = American Type Culture Collection, SCC-25, MDA-MB-231 and 

ordered from ATCC. 

 

10.1.1 Cell culture (I, II, III) 

The UT-SCC and MDA-MB-231 in DMEM medium 
(100 U/ml) (Lonza), 2 

mM L-glutamine (Lonza), 0.1 mM non-essential amino acids (NEAA, Lonza) 
and  fetal bovine serum (FBS, Gibco). The SCC-25  
in a 1:1 mixture of Dulbecco’s modified Eagle’s medium and Ham’s F12 

 g/L sodium bicarbonate, 2.5 mM L-glutamine, 15 mM 
HEPES, penicillin/streptomycin (100 U/ml), 0.5 mM sodium pyruvate from 

FBS from Gibco. The 
RPMI-  (100 U/ml) 
(Lonza), 2 mM L-glutamine (Lonza), 0.1 mM non-essential amino acids 

S (Gibco). 
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10.2 Antibodies (Part I, II, III) 
      

The most important antibodies used in studies I-III.  
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10.3 Constructs (Part I, II, III) 
The shRNA constructs for PPFIA1, VIM and CTTN from the 
TRC1 or TRC2 libraries (Sigma-Aldrich). The constr in Table 4. 
The hairpin sequence is cloned into pLKO.1 vector. The pLKO.1 vector 
contains a puromycin resistant gene for mammalian selection. As a control, an 
shScramble/non- -Aldrich, Functional 
Genomics Unit). The pLenti6/V5 DEST vector and an ORF for PPFIA1 
used for overexpression of PPFIA1 (clone ID 4794300, Open Biosystems). The 

a the destination 
vector and pLenti6/V5 DEST (Invitrogen). The lentiviral expression vector 
pLenti6/V5 DEST (Invitrogen) carrying the PPFIA1 ORF generated by 
G the University 
of Helsinki er.helsinki.fi/bi/gbu) according to the 
manufacturer’s protocol (Invitrogen). The vector includes a blastidicin 
resistance gene for mammalian selection. 

 

 The shRNA constructs  from The RNAi Consortium 
library. 

10.4 Western blot (Part I, II, III) 
Briefly, the c in general to subconfluency overnight, and lysed 

lysis buffer (RIPA, Sigma-Aldrich). Protease and phosphatase inhibitors 
. Laemmli buffer -mercaptoethanol 

. R boiled and nonreduced samples 
 -mercaptoethanol and boiling. Ready-made SDS page gels 

(BioRad) (10μg), and transferred to PVDF 
ad). For blocking,  

 
were followed with TBST. The incubation time for the secondary antibody was 1h at 
RT, and the membranes were washed with TBST. Detection of membranes was done 
with detection reagents and X-ray films with a film machine developer (Millipore) or 
using Chemidoc (BioRad). 
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10.5 Immunoprecipitation (Part I) 
Briefly, the c , plated and incubated +37°C o/n. 

and collected. ysis 
buffer (20 mM Tris-HCl, 150 mM NaCl, 1 mM sodium orthovanadate, 10 mM 
NaF, 1 mM EDTA and -100). Pre-
immobilized protein A beads (GE Healthcare). Pre-
incubated - 1 antibody for endogenous protein and 
beads for 2 h at +4°C. The t  and 

is buffer. The loading –mercaptoethanol, 2 × 
The samples 

, centrifuged and collected. 
 

10.6 Migration assay (Part I) 
Briefly, 24-  used to perform 
cell migration (BD Biosciences) (8 m membrane pore size in the membrane, 
BD Biosciences). he upper 
surface of the membrane (200 g/ml) and incubated (1 h, +37°C). 

ells, and the cells then resuspended in the medium 
( ) and incubated (+37°C, 2 h). and the cells 

resuspended in serum-free medium (
Sigma-Aldrich)). 
chambers, and cell suspension part of the inserts. 
Migrated cells , stained (Hoechst) and quantified 

 Cellomics ArrayScan 4.5 (Thermo Scientific). to 
clean the upper surface of the insert

counted. The e average of 
duplicates for experimental conditions d. Three different experiments 

he standard deviations. 
 

10.7 Gelatin degradation assay (Part I) 
-L-lysine (50 g/ml, Sigma-Aldrich), 

 -Aldrich) and 
The c

-Aldri
the cells 

The c
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10.8 Focal adhesions and quantification of degradation of 
extracellular matrix (Part I) 

the quantification of the focal adhesions and the 
degradation of extracellular matrix. as used to quantify the focal 
adhesions after thresholding the background and vinculin as a marker. The 
average shape or size of the focal adhesions  30 cells 
from different experiments. The i
the foca the intensity threshold. 
defined from 0 to 1 for circularity and the area of the focal adhesions 
defined from five to infinity. 
adhesions th an elongated shape. The background the 
intensity threshold for the quantification of extracellular matrix degradation, 
and  circularity from 0 to 1 and for degradation area one to infinity. 
The analysis for >50 cells/experiment to quantify the extracellular 
matrix. the standard 
deviations. For statistical analysis, unpaired student’s t- and the 

significant if P < 0.05. A Zeiss Meta 780 laser scanning microscope 
-apochromat oil objective at room temperature 

. 
 

10.9 RNA interference by lentiviral particles (Part I, II, III) 
Briefly, the cells in -plates overnight. 
Polybrene (1 μg/μl), lentiviral particles 
and the The cells  incubated for 4-
and the  The cells 72h, and the 
selection marker puromycin (1 g/ml) or blastidicin S Hcl (2 g/ml) 
(Invitrogen) after selection, the 
purposes. 
Functional Genomics Unit (University of Helsinki). 

10.10 Microscopy (Part I, II, III) 
Zeiss Meta 780/880 laser scanning microscopes (Zeiss 40x or 63x/1.4 N.A. 
plan- . The Zeiss Zen 

. Adobe Photoshop CS6, ImageJ, 
and Illustrato /or 
background correction. The i a Zeiss Axio Imager 

 
Hamamatsu Orca 

 

 



41 
 

10.11 Immunofluorescence (Part I, II) 
until they reached desired confluency. PBS 

 

 three 
of the microscopy 

s ere carried out To carry out 
immunofluorescence from three-dimensional cell culture  first 
counted and embedded into three-dimensional collagen as collagen drops in 

-  
The protocol has been described previously18,357. Briefly, the cells counted 

the manufacturer’s 
instructions, and the collagen I C. After 
that, the 
experiments. The c
The drops   BSA 

 Tx-100 and PBS for 1h-4h. The d
-overnight, and the  

changed 4-9 times incubated 
overnight  -100 in PBS. 

-100 in PBS, after 
 -100 in PBS,  

PBS and/ . The collagen drops 
DAPCO + DAPI. 

10.12 Microarray analysis (Part I) 

Unit, University of Helsinki, from the metastatic UT-SCC-24B HNSCC cell 
line, cultured in 2D and knocked- . Scramble (shScr) 
used as a control. Three replicates from shPPFIA1 and shScr each using the 
same construct performed. 

according to the manufacturer’s instructions. The 

to the log2-scale using Chipster. The microarray data in part I has been 
described in detail, deposited and in NCBI’s Gene Expression Omnibus and 
are accessible through GEO Series accession number GSE75756 

= GSE75756).  
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10.13 Collagen contraction assay (Part II) 
The c ounted tted in

-
6 days. The c  

10.14 Spheroid formation assay (Part I and II) 
Briefly, the -
shaped bottoms the extracellular matrix. The cells , 

The s
 

10.15 MTT-assay and soft agar assay (Part I) 
Briefly, the c  cells a 96-

several different lengths of time. MTT reagent (5 
mg/ml) lysis 
buffer 2O), and measured at an absorbance of 540 
nm. 18. 

10.16 3D-collagen culture (Part II) 
Briefly, the c re calculated and embedded into 3D collagen according to 
the manufacturer’s instructions (Gibco). 500 μl collagen I and the cell 
suspension pipetted onto a 24- d for five days 
changes of the medium the cells/collagen extracted by Trizol 
reagent. e cells and subjected to RNA sequencing. 

10.17 RNA isolation and removal of ribosomal RNA 
the cell/collagen I mixture and 

homogenizer (Precellys). Chloroform 
(Fisher Scientific, Hampton, NH, USA to the samples, 
mixing. The s the 

mixed and centrifuged. The p in Rnase-
AccuGENE Molecular B
the according to the the instructions of the 
manufacturer 
the the instructions of the 
manufacturer (Illumina, San Diego, CA, USA).Second strand cDNA synthesis 
(NEBNext, Illumina) and purification of double-stranded cDNA by 1.8X 

provided by the manufacturer (Illumina). 
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10.18 Library preparation and RNA sequencing  

the manufacturer for library preparation (Illumina). The PCR amplified 

provided by the manufacturer (Illumina). The quality of the sequencing library 
 (Agilent High Sensitivity Chip). Library 

the NextSeq 500 system 
guide (Illumina). The Illumina NextSeq 500 High 75 bp reagent cartridge for 

 

10.19 RNA sequencing data analysis and GSEA (Part II) 
Briefly, the RNA- -  STAR 

performed DESeq2 package in R v3.2.3 (logarithmic transformation), 
and for the statistical significance of the gene expression changes, the Wald 
test and Benjamini-Hochberg . The RNA 
sequencing data have been deposited in The National Center for Biotechnology 
Information’s (NCBI’s) Gene Expression Omnibus (GEO, Series accession 
number GSE108392). The to visualize 
the number of common 
groups (http://bioinfogp.cnb.csic.es/tools/venny/index.html). Briefly, gene 
set enrichme s of genes sh
statistically significant  358,359. 

10.20 RNA interference by siRNA (Part II) 
Briefly, the instructions given by the 
manufacturer (Sigma Aldrich),  by 

ern blot, and the  processed for experiments. 
Control eriments. Briefly, the cells 

the amount of siRNA, Opti-
optimized according to the instructions of the manufacturer. SiRNA and the 

the 
ined and added to the cells. The c

and transferred to collagen I, and incubated for seven days, 
. The 

e. 

10.21 Drug screen for cell viability and cytotoxicity (Part 
III) 
A panel of anti- -MB-231 shScr and 
shPPFIA1 cell lines. A set of 527 FDA approved and oncology compounds 

(CellTitre Glo) and cell 
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cytotoxicity (CellTox Green)
Molecular Medicine (FIMM, University of Helsinki).  

10.22 Immunohistochemistry for paraffin sections and 
TMA samples (PART III) 
Tumor and healthy cheek mucosa samples 
or oropharyngeal cancer 
Tampere University Hospital, Finland. The Ethics Committee of Helsinki 
University Hospital, Finland approved the study, and the Ministry of Social 
Affairs and Health, Finland gave permission to use the tumor tissue for this 

. Before embedding the pieces into paraffin, they 
paraformaldehyde  sectioning by microtome. Deparaffinization 
and antigen retrieval of the s ere performed by heating the samples in 
sodium citrate buffer (10 mmol/L, pH 6.0, autoclave). Blocking solution used 

h -100 in PBS) and primary 
-100 in PBS at +4°C 

cted proteins 
using antibodies (TMA)  BrightVision 
Poly-HRP-Anti Rb and -Anti Ms kits (ILimmunoLogic) and DAB (ImmPACT 
DAB).  (0,3- -100 in PBS), and the sections 

scently labeled secondary antibodies (Molecular 
Probes/Invitrogen) and DAPI in - . 

10.23 Immunofluorescence for frozen tissue sections 
(PART III) 
Tumor and no , 

, by incubation of 
in PBS overnight, cryomatrix (Thermo 

. The blocking 
solution horse serum  -100 in PBS, 
and incubation selected primary antibodies  and 
Triton X-100 in PBS at +4°C. The The 
s  PBS, and the 
secondary antibodies (fluorescent label, Molecular Probes/Invitrogen) and 

-  

All the protocols used in have been described and/or cited in the
original publications in detail18,360, or in the third manuscript (Pehkonen H., 
et al, unpublished data). The ethics approval for use of patient material 
given in Dnro 16/13/03/02/2014 (Helsinki University Hospital) and ETL 
R16098 and ETL R16098 (Tampere University Hospital). 
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11. RESULTS  
 

11.1 Part I 

11.1.1 Liprin-
collagen I  

-

s

-25 and UT-SCC-95) originating from the 

astatic breast cancer cell lines (Hs578T and 

MDA-MB- -dimensional collagen I and invasive 

-

dimensional collagen I after liprin-

primary tumors only poorly invaded in

compared to the invasive breast cancer cells. In addition, the HNSCC cell line 

-

invasion capabilities as compared to cells from breast cancer. The SCC-25 

a decreased cell-cell adhesive 

liprin- , and the cells turned to a phenotype 

-

compared to breast cancer cells in 3D collagen. Our data suggests that liprin-

i the 11q13-positive SCC-25 cell 

line from primary tumors

liprin- promotes cancer cell invasion. 

 

11.1.2 Liprin-  cancer 
cells 
Localization of liprin-

metastatic breast cancer cells. In the UT-SCC-95 cell line originating from a 

primary tumor of the tongue, liprin-

adhesion rings of invadosome structures. In addition liprin-
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-

at the outer part or around the adhesion -

- and invadopodia marker297, and 

actin localized at the core of the adhesion ring in these structures. 

s, but in addition, 

markers in UT-SCC cell lines from primary tumors. In cell lines from primary 

eously formed invadosomes, immunoprecipitation 

the - -

, the same 

structures by immunofluorescence. The l s different in 

motile and invasive breast cancer cells, as liprin-

edge, and close to focal adhesions, although not necessarily directly co-

7). In addition, motile breast 

cancer cells had no detectable adhesion rings studied by the adhesion proteins 

vinculin and cortactin. Similar to metastatic breast cancer cells, liprin-

localized close to the focal adhesion or after the leading edge in metastatic 

HNSCC cells, 

of the cells. These observations highlight the context-dependency of liprin-

in cancer cell invasion and the importance of delineating these structures in 

different cell types to determine the function of liprin-

environments.  
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7 Simplified shematic representation of possible localizations of 
liprin-
HNSCC cell lines from primary tumors, liprin-
outer side of the adhesion ring, or after the cell edge or close to larger focal 
adhesions. Adhesion proteins (dark green) located at the inner part of the 
adhesion ring or directly at the focal adhesion or focal complexes. Cortactin 

-cell 
contacts. B: In motile cells (right), liprin-

localized to invadopodia an adhesion ring. The image is a 
simplified illustration 
assembled and disassembled during cell signaling. Previously unpublished 
image designed by H. Pehkonen and implemented by Sole Lätti. 

 

11.1.3 Liprin- focal adhesions and 
degradation of the extracellular matrix 

-

in HNSCC and breast cancer cells. Liprin-

metastatic UT-SCC-42B cell lines to quantify the size and the shape of the focal 

adhesions after liprin- The f  smaller and/or 

different in shape in motile cell lines. Invadosomes,  liprin-

localized into an adhesion ring, 

-SCC-95) into collagen I, liprin-

knoc the ECM degrading capability 

A. B.
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despite being 

ry tumor and corresponding 

three dimensional collagen I. Compared to cell lines from primary tumor, 

metastatic tumors and primary persistent samples 

A - spontaneously only observed in 

cell lines obtained from primary tumor is likely due to the different 

invasive characteristics of these cell lines. 

 
11.1.4 Liprin-  

To gain more thorough insight into liprin-

microarray analysis after liprin-

fter liprin-  

endogenous expression of liprin-

 liprin- overexpressing cells. Western blot confirmed the 

upregulation of vimentin in several HNSCC cell lines after liprin-

- d to invadosome 

structures and to the outer side of the adhesion ring. Vimentin 

detected around adhesion ring near liprin- -SCC-95 cell line. On 

the other hand, in UT-SCC-24B cells liprin- silencing vimentin 

localized either near the nu  at the cytoplasm. In 

addition, liprin-  vimentin bridge structures suggesting 

defects in cell division

expressed at the edges of the cell colonies. Breast 

cancer cells endogenously express high levels of vimentin. Liprin-

vimentin close to the nucleus. When breast 

cancer -dimensional collagen I, 

invasive g . Liprin-

significantly  in three-dimensional collagen I. 

nucleus rather than elongating into the collagen I matrix, into a proper 

-
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-MB-231 cell line, that after liprin-

degrade less extracellular matrix15.  On the other hand, UT-SCC-95 cell line 

 and limited invasive capabilities in three-

matrigel-coated inserts. The expression of other proteins related to the 

epithelial-to- studied after liprin-  

in HNSCC and breast cancer cells, but no differences in the 

expression of these proteins 

metabolic activity after liprin- . On the other hand, no effect on 

 or differences in metabolic activity -

SCC-95 cell line from a primary tumor. Invasive Hs578T 

 three-dimensional soft agar after liprin- .  

 

11.2 Part II 

11.2.1 Liprin-
HNSCC  

The purpose of this part of the study -

.  The metastatic UT-SCC-42B 

-  in three-

dimensional collagen I, 

cancer cell lines. Similarly, UT-SCC-

the colonies after liprin- , although the reduction in colony size 

ical changes of the 

colonies after liprin- A less significant effect of liprin-

-level amplification of 11q13 in the UT-

SCC-19B cell line and the higher liprin- -

SCC- UT-SCC-42B cells, liprin-

partly co- -like structures 

at the edges of the colonies. Liprin-  to clearly visible actin 

cytoskeleton re-arrangement in UT-SCC cells cultured in 3D collagen I, further 

strengthening its role in modulating adhesion related cytoskeletal elements in 

cancer cells. 
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11.2.2 Liprin- cell-cell or 
cell- on the composition of the cell 
membrane 
To  liprin- RNA 

sequencing - . In HNSCC cells, 

enrichment of gene sets related to cell-cell junctions, vacuolar 

transport, signaling related to phosphatase complexes and protein localization 

to the membrane. In breast cancer cells - , enriched gene 

sets included regulation of cell death, signaling of membrane microdomains, 

signaling related to the morphogenesis of the epithelium and proteolysis. 

Among others ARDCC3, TP63 and SORL1, as 

 SMURF1 Interestingly, VIM 

upregulated in  3D environment after liprin-

 supporting our results from the 2D cell culture18. 
 

11.2.3 CD82 is upregulated due to liprin-
located in cell membrane or vesicle-like structures 

-  

in MDA-MB-231, UT-SCC-42A, and UT-SCC-42B cells

immunofluorescence. The localization of 

cell culture platforms . In 2D cell culture, CD82 

located partly at the cell membrane and in vesicle-like structures. To identify 

-

- , CD82 did 

not co- -1 partly co-localized 

-1 staining in the UT-

SCC-42A cell line. As in 3D cell culture, liprin- to adhesion-like or 

invadosome-like structures and/or near the cell edge in HNSCC cells. As CD82 

-

silencing in liprin-

invasive capabilities of the UT-SCC-42B metastatic HNSCC cell line in 3D 
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the UT-SCC- -

made cells more invasive as quantified by phalloidin staining. 

These results support the interplay of liprin-  in the invasive 

metastatic cancer cells. 

 
11.2.4 PPFIA1 amplification associates poor survival of 
HNSCC and breast cancer patients  
Because gene expression analysis revealed gene expression changes in cellular 

upregulated in HNSCC 

and breast cancer cells after liprin- explored to 

study the frequency of PPFIA1 amplification and its impact on survival in 

clinical HNSCC and breast cancer samples. PPFIA1 amplification 

had reduced survival in months on average as compared to non-amplified 

cases based on the TCGA data set analysis. This result underlines the 

importance of studying gene amplification and the mechanism behind 

PPFIA1/liprin-  

 

11.3 Part III 
 

11.3.1 Expression of liprin-  in 
HNSCC patient samples  

Based on our previous findings on the overexpression of CD82 after liprin-

silencing, liprin-

expression in clinical patient samples. T hat the inverse 

correlation could be observed in clinical patient material 

of liprin- In cryosections from four different oral tongue 

squamous cell carcinoma patients, liprin-   either in a  or 

moderate level or 

-

-

expression liprin-

0-1)  -3). On the 



52 
 

other hand, expression of most of the samples 

( ; scored 0- -3). Correlation 

high liprin- CD82 expression 

-square test (P < 0.001). All the tissue microarray 

carcinoma. 

11.3.2 Liprin-
 

Because liprin-
15,18,360 study the 

possibility of liprin-

liprin- . The 

MDA-MB-231 breast cancer , because 

liprin- 1 ell line. Several MEK 

inhibitors, such as pimasertib, trametinib and cobimetinib effectively 

inhibited cell proliferation of liprin-

10 for control (shScr) and under 5 

-

inhibitor (TAK-960), met signaling related c-met-axl-ron-tyro-3 inhibitor 

(BMS-777607), CDK inhibitor (PHA-793887) and aurora kinase inhibitor (PF-

03814735). Aurora kinase inhibitor (PF-03814735) treatment led to 

significant morphological changes in shScr and shPPFIA1 MDA-MB-231 cells. 

As mentioned above, PF-03814735 reduced cell viability more effectively in 

liprin-  expressing control cells (shScr) than in shPPFIA1 cells. Due to the 

role of liprin-

metastasis may be potent in the treatment of 

and/or overexpression of liprin-  
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12. DISCUSSION 
 

12.1 Liprin-  
In head and neck cancer cells, depletion of liprin- 1 enhances migratory 

properties172

migration and extracellular matrix (ECM) degradation15. In colon carcinoma 

cells, liprin-

 suppressor protein ING4199. 

mesenchymal and highly invasive breast cancer cell lines formed less invasive 

-  in three-

dimensional collagen I. Similar to metastatic breast cancer cells, liprin-

silencing reduced the the metastatic HNSCC cell line or 

invasive morphology of the cell colonies. On the other hand, in less invasive 

primary HNSCC cell lines liprin- o differential outcomes in 

invasion compared to metastatic 

less 

cell-cell contacts after liprin- no 

-

using matrigel coated inserts and as expected the breast cancer cell line MDA-

MB- e motile through matrigel coated inserts as 

compared to primary HNSCC cell lines. This underlines the context 

dependency of liprin- 15,18,172,360. Furthermore, 11q13 amplification 

may explain the observed differences in liprin-

phenotype in primary HNSCC cell lines. Immunofluorescence -

- the 3D environment in the structures 

observed as potential adhesion- or invadosome-like structures near the edges 

the assembly and protein 

composition of invadosomes depend on the environment  

observed in a collagen environment25. Due 

to the mechanosensing, dynamic and transient nature of invadosomes, the 

shapes of these structures may vary depending on the state of the cells at a 

specific moment in time22. Our results strongly support the role of liprin-  in 
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invasive machinery of the cells as reduced invasive capabilities of 

a metastatic HNSCC cell line360, and this has previously also n in breast 

cancer15. 

12.2 Liprin- 1 as a part of the invadosome complex 
Invadosomes are considered important complexes regarding cell invasion and 

activity19,276. Similar to invasive capabilities, liprin- ation depended 

on the invasive properties of the cells. In HNSCC cells originating from 

primary tumors, liprin- d to invadosome structures and more 

prominently into the outer part of the adhesion ring. Invadosome structures 

  in addition to 

other adhesion proteins including vinculin and paxillin. Cortactin, a marker 

for the invadosome core and a protein encoded by the CTTN gene at the 11q13 

amplicon, located  actin in UT-SCC HNSCC cell lines from 

the primary tumor274,297,165. Invadosome complexes degraded the extracellular 

that liprin-

an important player in the invadosome and adhesive complexes of cancer cells. 

- f HNSCC cell 

lines from primary tumors to degrade the extracellular matrix or did not 

prevent the occurrence of invadosomes, it probably has important functions 

regarding invadosome dynamics. As previously discussed, 

that in motile breast cancer cells, liprin-

extracellular matrix degradation capability, and, in addition, it recently has 

been linked to the maturation process of invadosomes15,203. This evidence 

suggests that the role of liprin- the regulation of the dynamics and 

and disassembled in a cell22,264. In 

addition, invadosomes have been regarded as mechanosensing complexes, 

Cdc42271 or src 203,294. These aspects, 

such as context dependency and invadosomes as being dynamic structures, 

pose challenges in the studies of these structures. On the other hand, as liprin-

 localized close to focal adhesions or in invadosomes in primary cell lines or 

after the leading edge in more motile cell lines, likely explains differencies in 
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invasion properties of the cells. Data from motile cells indicate that liprin-

functions in regulating the 

have an impact on cell motility and cell spreading in these cells. Intriguingly, 

liprin-

involved in integrin signaling196,197. This implies that liprin-  an important 

structures during cancer cell progression.  

 
12.3 Liprin-  the modulation of cytoskeletal elements 
related to adhesion 
Gene expression profiling using microarrays and RNA sequencing revealed 

upregulation of vimentin expression in metastatic shPPFIA1 ith 

endogenous vimentin expression in control (shScr) cells. In addition, 

liprin- silencing led to a distinct 

cancer cells including decreased mesenchymal invasion and displacement of 

the is an important mediator 

in the epithelial-to-mesenchymal transition, and belongs to the intermediate 

filament family of cytoskeletal proteins240, and it can be modulated by for 

example by specific phosphorylation250. imentin surrounded 

the liprin- a primary 

tumor. In addition, as discussed earlier, liprin-  the 

- calized after the leading edge or near 

focal adhesions. The modulation of vimentin intermediate filaments possibly 

occurs through adhesive structures, and it is possible that liprin-

participates in the maturation and dynamics of focal adhesions in these cell 

liprin-

adhesions and invadosome structures, 

elements, including intermediate filaments.  
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12.4 Contribution of liprin- to cancer cell signaling and 
in modulation of tumor suppressor CD82 

cancer cell 

-

a 3D environment 

-

enriched gene sets associated 

death, protein trafficking and cell- -membrane or 

substrate contacts and membrane microdomain modulation. These data 

further supported the pr -

-cell communication. 

Importantly, the 

cells. ssor for several 

solid tumors342, and in OSCC, its 

volume354. 

and using different constructs to silence liprin-

-like partly at the cell membrane 

in a ever, specific marker for these vesicles could not be 

found, although partial co-localization  -1. These 

vesicle-like structures may be very specific

EEA1 positivity. The availability of the extracellular matrix could at least partly 

explain the membrane localization of CD82 in 3D collagen I in shPPFIA1 cells. 

Silencing of CD82 in shPPFIA1 cells led to enhanced invasive potential in the 

metastatic HNSCC cell line, partly restoring the invasive 

the cells. As a conclusion, liprin-

expression and cell signaling events leading to cancer cell progression. 

Importantly, PPFIA1 

clinical 

-
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12.5 Association of liprin-  CD82 expression in SCC 
of the oral cavity  
Because liprin- regulating the 

cells and it associate  the 

important to study the expression of these proteins in clinical tumor samples. 

In the samples from the oral cavity, liprin-  an inverse 

staining pattern of strong liprin- 1  Tumor 

igh liprin- expression may be positive for 11q13 amplification 

and are possibly invasive or aggressive in nature. Several other genetic 

 the genetic landscapes of the tumours 

vary individually, in addition to intratumoral heterogeneity. This data 

indicates the presence of high liprin- 1 expression in a subset of patients, 

the expression levels of 

liprin-  at P<0.001. 

an effect on patient prognosis and survival. 

etter 

resolution imaging f

study invadosomes ex vivo or in vivo might be challenging, due to the transient 

and dynamic character of the invadosomes, and these structures may form 

 cell invades into the surrounding 

environment or tissue. Invadosomes might appear only at the invasive front of 

from the environment20,273. In addition, invadosomes may vary in structure, 

as rosettes25.  

12.6 Effect of liprin- to anticancer 
drugs 
Because liprin- to be expressed in patient samples and to 

have an effect on the invasive properties of cancer cell lines15,18,172,360

important to study if liprin- has an effect on the response to different 

anticancer drugs. Drug sensitivity and resistance in a 
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-

cells by both cell viability and cell 

cytotoxici - e more sensitive to 

shPPFIA1 cells 

cytotoxicity and cell viability assays by DSS scores. In addition, shScr cells 

 compared to shPPFIA1 cells. In addition, liprin-

, 
361,362 the 

better response in liprin-  These data verify that liprin-

may be a possible indicator of drug response in metastatic breast cancer cells. 

Regarding the fact that liprin- , this may explain 

drugs are more -

expression. BMS-777607, -

c-met-axl-ron-tyro3324

upregulated after liprin-

CD82 function through c-src and c-met324, and possibly BMS-777067 shares a 

similar mechanism in reducing the cell invasive properties related to cell 

The Aurora-kinase PF-03814735 inhibitor363, CDK inhibitor 

(PHA-793887)364  and PLK-1 inhibitor, TAK-960 target cell cycle 

progression365, and possibly have an effect on 

from the DSRT 

- these results need to be further 

validated and potentially combinatorially tested using different compounds. 
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13. CONCLUSIONS AND FUTURE PROSPECTS 
 

PPFIA1 the liprin-  is located at the common 11q13 

region amplified in cancer10,12,13,129. Liprin-

interacting protein family175, and functions in 

neuronal tions in non-neuronal cells14. Liprin-  has been 

R at focal adhesions17, and to have functions in the 

adhesive properties of cells16,196,197  on the invasive capabilities of 

cancer cells15,200. The f the function of PPFIA1 

in different types of cancer cells. The first part of this thesis revealed that 

liprin- 1 is directly located in the invadosome structures in cell lines derived 

from primary tumors of HNSCC patients, and that these structures are able to 

degrade the is important for cancer cell invasion. 

In motile cells, liprin-  localized after the leading edge and close to focal 

adhesions although it did not necessarily directly co-localized 

proteins. The first part of this thesis revealed the connection of liprin- 1  

adhesion structures through vimentin intermediate filaments. Importantly, 

liprin- 1 to the three-dimensional 

 The second part of this thesis 

corroborated the results from the first part. More specifically, in addition to 

breast cancer, liprin- 1  to be an important regulator of cell invasive 

s from metastatic HNSCC as 

. Gene set enrichment analysis revealed liprin- 1 to be an important part 

of the cell signaling events related to cancer cell signaling. Importantly, liprin-

the CD82 transmembrane protein. CD82 has been 

ral solid tumors, and for activation may 

require different transcriptional or post-transcriptional mechanisms 

including palmitoylation or glycosylation326,341,342. -

resulted in changes in the overall landscape of gene expression of several 

important gene sets, as this implies modifications in several signaling 

the cell line and cell type. TCGA data clarified 

that PPFIA1 amplification leads to reduced survival in patients, and, in 

addition, in a recent study based on a TCGA data, PPFIA1 amplification has 
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been related to poorer survival in OSCC patients12 thens the 

results obtained from our study. Interestingly, strong liprin- expression 

detected icate 

the presence of 11q13 amplification, and possibly indicates a more aggressive 

tumor. In the future, - in 

more detail in drug response to validate the results from our drug screen or to 

study combinatorial drug experiments. In addition, invadosome structures 

-resolution microscopy, although 

this might be challenging due to the transient and dynamic nature of these 

structures. An i

markers the vesicle- may be 

from GSEA results. Because liprin-

neuronal and non-neuronal cells14,192 important 

kind of effect liprin- 1 has during development. Clinical data from the tissue 

microarray of HNSCC should be studied to determine if liprin-

are important for the evaluation of individual patients for prognosis or 

importantly breast cancer and different subtypes such as HER2 and luminal 

B. 
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