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SUMMARY 
 

There is considerable variability in the reported incidence rates of perineural invasion 

(PNI) in oral squamous cell carcinoma (OSCC) and salivary gland malignancies (SGMs) 

worldwide. PNI exhibited by some OSCC and SGMs has been known as an independent 

predictor of poor prognosis and an indicator of aggressive behaviour. Furthermore, the 

literature suggests a possible molecular mechanism of PNI that results from a reciprocal 

interaction between tumour and nerve, probably due to some cellular factors and their 

respective receptors.  A number of neurotrophic factors such as nerve growth factor 

(NGF) and its high affinity tyrosine kinase A (TrkA) receptor have been identified as 

being possibly of importance in PNI. The PI3K/Akt signalling pathway is a well-

established driver of cancer progression, however, the mechanism of NGF-induced Akt 

phosphorylation remains unclear. Identifying the molecular background of PNI-driven 

OSCC and SGMs will shed light on the underlying pathogenesis and biological 

mechanism of PNI in cancer of oral cavity and salivary glands.  

Given the paucity of information on the role of these factors in OSCC and SGMs, this 

research was undertaken to help understand the mechanism of PNI in OSCC and SGMs. 

The proposed study involved a retrospective analysis of 132 and 14 archival formalin 

fixed paraffin embedded (FFPE) specimens from a cohort of 430 OSCC patients and 44 

SGMs patients respectively. This study was conducted to establish the incidence of PNI 

and its impact on clinical outcomes of those patients who were diagnosed and treated in 

NHS Tayside, Scotland. Thereafter the samples were tested for the presence and pattern 

of NGF and TrkA expression by immunohistochemistry (IHC). Cell culture work 

investigating the role of Akt in NGF-induced cancer cell migration assays and signal 

transduction blocking assays was undertaken to study whether there is involvement of 

PI3K/Akt pathway in the molecular mechanism of PNI in OSCC and SGMs.  
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The study showed that the incidence of PNI was 17.4% in OSCC and 36.4% in SGMs. 

The vast majority of PNI-positive tumours in the cohort of OSCC and SGMs were 

tumours arising in the tongue and parotid glands respectively with a high incidence of 

PNI reported in Adenoid Cystic Carcinoma (AdCC) among the SGMs. With respect to 

PNI in OSCC there were multiple additional pathological factors that were significantly 

associated with it, including large tumour size, presence of nodal and extracapsular 

extension, increased depth and infiltrative pattern of invasion, poor tumour 

differentiation, advanced tumour front and lymphovascular invasion, while SGMs with 

PNI exhibited a greater potential only for lymphovascular involvement. PNI was 

associated with pain in OSCC and to facial nerve weakness in SGMs patients at the time 

of diagnosis, which may suggest that these symptoms could be a indicative of PNI in 

OSCC and SGMs. Interestingly, overexpression of NGF appeared to strongly influence 

pain perception in patients with OSCC and we can suggest that NGF might be a mediator 

of pain in OSCC. 

There is a significant correlation between NGF/TrkA overexpression and PNI in OSCC 

tissue sections. Beside the tumour cells, the nerves in OSCC and SGMs sections 

expressed both NGF and TrkA. This suggests that there is a reciprocal interaction of 

tumours and nerves, in which NGF produced by tumour cells binds to TrkA receptors and 

may promote the growth and invasion of tumour via autocrine and paracrine actions 

leading to PNI.  

The statistical analysis showed that the 5-year survival curve was significantly worse 

when PNI was observed in disease-specific survival (DSS) of OSCC and overall survival 

(OS), DSS and disease-free survival (DFS) of SGMs, therefore PNI can be used as an in 

indicator of poor prognosis in OSCC and SGMs. However, NGF and TrkA expressions 

were not related to the patient’s 5-years OS, DSS and DFS in both cohorts of OSCC and 

SGMs. 
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In addition, NGF stimulation has an adhesion, proliferation, scattering and migratory 

effect on OSCC and SGMs in-vitro with a morphological change from epithelial to 

mesenchymal-like phenotype which is a characteristic for invasive behaviour of tumours. 

NGF exerts these effects on OSCC and SGMs cells via its receptor TrkA by activating 

PI3K/Akt pathway and phosphorylates Akt at T308 and S473 leading to cell migration 

and potentially enhancing PNI. The addition of Akt inhibitor (MK-2206) blocks the NGF-

induced OSCC and SGMs scattering and migration as well as the phosphorylation of Akt 

at both residues confirming the involvement of PI3K/Akt pathway in OSCC and SGMs 

that may offer a potential therapeutic approach in the future. 

This study suggests that PNI is a predictive factor for tumour aggressiveness and poor 

prognosis in patients with OSCC and SGMs. It has also highlighted the potential of NGF 

and TrkA via PI3K/Akt pathway as reliable biological markers of PNI-related OSCC and 

SGMs.  
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5 
 
1.1 Oral cancer 

The term oral cancer refers to a subgroup of head and neck malignancies that arise from 

the mucosa of the lip and oral cavity including the anterior 2/3 of tongue, floor of the 

mouth, gingivae, hard palate, and other intra-oral location. Nevertheless, this term is 

synonymous with one particular histological type of cancer namely squamous cell 

carcinoma of oral mucosal origin (OSCC) that accounts for more than 90% of all oral 

cancer (Speight and Farthing, 2018). The oral cavity, including the lip, is the most 

common site of cancer in the head and neck, which is the sixth most common cancer in 

the world with an annual incidence of more than 300,000 cases reported worldwide 

(Ettinger et al., 2019). The most recently available data from the United Kingdom (UK), 

reported that there were 3,744 people diagnosed with oral cancer in 2016, with higher 

incidence rates in Scotland than other parts of the UK (Conway et al., 2018). The 

aetiology of OSCC is multifactorial and the major risk factors are alcohol consumption, 

tobacco use and use of areca nut/betel quid, with possibly some influence of genetic 

predisposition, chronic inflammation and viral infection. However, human papilloma 

virus (HPV) is primarily associated with some oropharyngeal SCC (Mehanna et al., 

2010). Despite the progress in investigating the pathobiological mechanism of OSCC and 

advances in the approach to treatment of OSCC, the prognosis has unfortunately not 

improved over the last decades, and OSCC is still associated with a high rate of recurrence 

and a poor 5-year survival rate of less than 50%. This is due to the metastatic spread 

potential of OSCC to regional and distance sites with associated high morbidity and 

mortality rates  (Rivera et al., 2017). There are four well-known routes for tumour 

spread: direct invasion of surrounding tissue, vascular, lymphatic and nerve spread (Amit 

et al., 2016b). One of the significant features of cancer cells in the metastasis process is 

the ability to detach from the primary lesion and break through the basement membrane, 
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therefore gaining access to surrounding tissues, lymphatics/vascular circulation and 

nerves (Liebig et al., 2009).  

 Prognostic factors of OSCC 

The TNM classification of malignant tumours is the cancer staging system developed 

and maintained by the Union for International Cancer Control (UICC) and American 

Joint Committee on Cancer (AJCC) to achieve a globally recognised standard for 

classifying the extend of the spread of cancer.  The acronym TNM relates to the three 

categories for which codes are recorded: extent of the primary tumour (T), the status of 

regional lymph nodes (N) and the presence of distant metastasis (M). The eight edition 

of UICC TNM classification has been published recently with significant changes in 

oral mucosal malignancies staging including the addition of depth of invasion into T 

staging, elimination of T0, incorporation of extranodal extension (ENE) into N staging 

and the introduction of subclassification to the N3 category (Ettinger et al., 2019, Bertero 

et al., 2018).  There are several other histological prognostic factors that may exert an 

influence on the prognosis and eventually guide the selection of patients for more 

aggressive therapy such as the degree of tumour differentiation, pattern of invasion, 

vascular invasion, nerve invasion, and bone invasion (Speight and Farthing, 2018). 

Comparison between the 7th and 8th edition of UICC staging for OSCC are T and N 

categories are described in Table 1 and 2, respectively. Table 3 is a summary of OSCC 

staging based on TNM classification.  
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T category 7th edition 8th edition 

Tx Primary tumour cannot be assessed 

T0 No evidence of primary tumour   

Tis Carcinoma in situ 

T1 Tumour ≤2cm in dimension  Tumour ≤2cm. DOI ≤5mm 

T2 Tumour >2cm but ≤4cm  Tumour >2cm, DOI >5mm and 

≤10mm or tumour >2cm but ≤4cm 

and DOI ≤10mm 

T3 Tumour >4cm  Tumour >4cm or any tumour 

DOI>10mm 

T4 Advanced disease invading bone or adjacent structures 

DOI, depth of invasion. 

 

N category 7th edition 8th edition 

Nx Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis  

N1 Metastasis in single ipsilateral lymph node 

≤3cm  

Metastasis in single ipsilateral lymph 

node ≤3cm and ENE-negative 

N2a Metastasis in single ipsilateral lymph node 

>3cm but ≤6cm  

Metastasis in single ipsilateral or 

contralateral lymph node ≤3cm and 

ENE-positive or   

Metastasis in single ipsilateral lymph 

node >3cm but ≤6cm and ENE-negative 

N2b Metastasis in multiple ipsilateral lymph 

nodes ≤6cm 

Metastasis in multiple ipsilateral lymph 

nodes ≤6cm and ENE-negative 

N2c Metastasis in bilateral or contralateral 

lymph nodes ≤6cm 

Metastasis in bilateral or contralateral 

lymph nodes ≤6cm and ENE-negative 

N3 Metastasis in lymph nodes >6cm N3a Metastasis in lymph nodes >6cm 

and ENE-negative 

N3b Metastasis in single ipsilateral 

lymph node >3cm and ENE-positive or  

Metastasis in multiple ipsilateral, 

contralateral or bilateral lymph nodes 

with any ENE-positive 

ENE, extranodal extension. 

Table 1 Changes in T descriptors between the 7th and the 8th Edition of UICC TNM 

for OSCC.  

Table 2 Changes in N descriptors between the 7th and the 8th Edition of UICC TNM 

for OSCC.  
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Stage T N M 

0 Tis N0 M0 

I T1 N0 M0 

II T2 N0 T0 

III T3  

T1  

T2 

T3 

N0 

N1 

N1 

N1 

M0 

M0 

M0 

M0 

IVA T4a 

T4a 

T1 

T2 

T3 

T4a 

N0 

N1 

N2 

N2 

N2 

N2 

M0 

M0 

M0 

M0 

M0 

M0 

IVB T any 

T4b 

N3 

N any 

M0 

M0 

IVC T any  N any M1 

 

 Management of OSCC 

The management of patients with OSCC requires a multidisciplinary approach involving 

surgery, radiotherapy and/or chemotherapy. Surgery is the most well-established mode 

of initial definitive treatment for a majority of OSCC, resection of the tumour includes 

the removal of the primary tumour with an appropriate margin of normal tissue 

surrounding the tumour with/without neck dissection. However, in the majority of 

patients with advanced cancer, radiotherapy is employed in conjunction with surgery, 

most often offered as post-operative treatment (D’Silva and Gutkind, 2019). 

Chemotherapy is usually limited to advanced disease and in conjunction with 

radiotherapy in OSCC patients who are at high risk of locoregional recurrence, 

extrascapular nodal spread and distant metastasis. For patients who are candidates for 

adjuvant chemoradiotherapy, cisplatin is the standard agent widely used unless there is a 

Table 3 OSCC UICC staging 
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medical contraindication. However, adjuvant chemotherapy after surgery has no evidence 

of benefit in the treatment of patients with OSCC (Hartner, 2018). 

1.2 Salivary gland malignancies  

Salivary gland malignancies (SGMs) are an uncommon heterogeneous group of tumours 

compared with OSCC, with a prevalence of 3-6 % of all head and neck cancer and 0.5% 

of all malignancies (Liu et al., 2017). The global annual incidence of SGMs is estimated 

at between 0.4 and 2.6/100000 (Speight and Barrett, 2009). According to the latest data 

from Cancer Research UK (accessed February 2020), there are approximately 700 people 

diagnosed with SGMs in the UK every year. Mortality from SGMs varies by stage and 

pathology with estimated overall survival rate at 72% (Sowa et al., 2018)  Although, 

salivary gland tumours are more common in the parotid gland, the incidence of 

malignancy is higher in the submandibular and minor salivary glands (Sood et al., 2016). 

Spiro., (1986) reviewed 2,807 SGMs and found a malignancy rate of 82% for minor 

salivary glands, 43% for submandibular glands, and only 25% for parotid gland. The 

aetiology of SGMs remains mostly unknown with risk factors of advanced age, 

radioactive substance exposure, previous cancer, family history and environmental and 

occupational exposure to chemicals (Lin et al., 2018). 

 Histologic types of SGMs 

The World Health Organisation (WHO) classification system (2005; modified in 2017) 

recognises a group of more than 20 distinct histopathologic entities of epithelial SGMs, 

this variance in histology may contribute to the diversity in clinical behaviour and 

prognosis of SGMs. Therefore, some SGMs may be further classified as high grade, low 

grade or mixed, depending on the histological type. Grading of SGMs is subjective and 

based on the cellular and morphological features of each entity of SGMs such as the 

amount of cystic changes and cytological atypia in the tumour (Speight and Barrett, 
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2009). Tumour grade is also related to the risk of local recurrence, regional and distant 

metastasis  (Sowa et al., 2018) (Table 4). 

 

 Low 

grade 

High 

grade 

Acinic cell carcinoma (ACC) 

Mucoepidermoid carcinoma (MEC) 

Adenoid cystic carcinoma (AdCC) 

Polymorphous adenocarcinoma (PAC)  

Carcinoma ex-Pleomorphic Adenoma (CXPA) 

Salivary duct carcinoma (SDC)          

Epithelial-myoepithelial carcinoma  

Clear cell carcinoma 

Basel cell carcinoma 

Sebaceous adenocarcinoma 

Oncocytic carcinoma 

Adenocarcinoma, not otherwise specified (NOS)  

Myoepithelial carcinoma   

Secretory carcinoma (formerly known as mammary analog secretory carcinoma) 

Carcinosarcoma 

Squamous cell carcinoma 

Lymphoepithelial carcinoma 

Cystadenocarcinoma 

Cribriform adenocarcinoma  

Intraductal carcinoma 

+ 

+ 

+ 

+ 

 

 

+ 

+ 

+ 

 

 

+ 

+ 

+ 

 

 

+ 

+ 

+ 

+ 

 

+ 

+ 

 

+ 

+ 

 

 

 

+ 

+ 

+ 

+ 

 

+ 

+ 

 

 

 

+ 

 

 

 

 

 

 

 

Table 4 WHO classification of SGMs (2017) 
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A selected group of common histologic subtypes of SGMs are highlighted in the 

following:  

1.2.1.1 Acinic Cell Carcinoma 

Acinic cell carcinoma (ACC) is one of the common SGMs, accounting for 10-12% of 

all SGMs that mostly arises in the parotid gland and is comprised of cancer cells with 

acinar features (Scherl et al., 2018).  

1.2.1.2 Mucoepidermoid Carcinoma  

Mucoepidermoid carcinoma (MEC) is the most common type of SGMs that arise in any 

salivary tissue but predominately the major salivary gland. MEC is characterised by 

components of mucin-producing, intermediate and epidermoid cells with cystic and solid 

growth patterns, the histologic grade is a predictive of tumour prognosis (Boahene et al., 

2004). Recently, an alteration in MAML2 gene is a useful diagnostic and prognostic 

factor for patients with MEC (Bishop et al., 2018). 

1.2.1.3 Adenoid Cystic Carcinoma  

Adenoid cystic adenoma (AdCC) represents 10% of all SGMs and the majority of AdCC 

arises from minor salivary glands. There are three distinct architectural patterns in AdCC, 

tubular, cribriform and solid, which derive by combination of both epithelial and 

myoepithelial neoplastic cells. The clinical and pathological patterns are characterised by 

perineural invasion (PNI), local recurrence and distant metastasis (Pinakapani et al., 

2015).  

1.2.1.4 Polymorphous Adenocarcinoma  

Polymorphous adenocarcinoma (PAC), formerly known as polymorphous low-grade 

adenocarcinoma (PLGA), mainly originates in minor salivary glands with histological 
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diversity and cytological uniformity (Chatura, 2015). Tumour behaviour is not always 

low grade thus the reclassification in the recent WHO Classification in 2017. 

1.2.1.5 Salivary Duct Carcinoma  

Histologically, salivary duct carcinoma (SDC) resembles ductal breast carcinoma and is 

estimated to account for 5%–10% of SGMs. Although incidence is low, SDC is one of 

the highest-grade and aggressive SGMs (Lin et al., 2018).  

1.2.1.6 Carcinoma ex-Pleomorphic Adenoma  

Carcinoma ex-pleomorphic adenoma (CXPC) is defined as carcinoma that develops in 

association with benign primary or recurrent pleomorphic adenoma. This tumour occurs 

mainly in the major salivary glands and is typically high grade with a potential for 

regional and distant metastasis (Ye et al., 2016).  

 Staging of SGMs 

Salivary gland malignancies (SGMs) are also staged using the TNM system.  T refers to 

the primary tumour size, extraparenchymal extension and direct invasion of local 

structures. Regional lymph node status (N) is dependent on the size, number and location 

of metastatic lymph node (s) and extracapsular extension. The detection of distant 

metastasis is designated as  M (Amin et al., 2018) (Table 5).  
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Stage  

 

Tumour Size   Node  Metastasis  

I T1 Tumour ≤2 cm in greatest dimension without 

extraparenchymal extension 

0 0 

II T2 Tumour >2 cm but ≤4 cm in greatest dimension 

without extraparenchymal extension 

0 0 

III T3 

 

T1, T2, T3 

Tumour >4 cm and/or tumour having 

extraparenchymal extension 

 

0 

 

1 

0 

 

0 

IVA T4a 

 

T1, T2, T3 

Tumour invades skin, mandible, ear canal and/or 

facial nerve 

0,1,2 

 

2 

0 

 

0 

IVB T4b 

 

Any 

Tumour invades skull base and/or pterygoid 

plates and/or encases carotid artery 

Any 

 

3 

0 

 

0 

IVC  Any Any 1 

 

 Prognostic factors of SGMs 

The potential prognostic factors in SGMs are staging, histologic type and grading, PNI, 

site, and status of surgical margins. The 4cm rule is widely used to guide the management 

of SGMs,  in which T1 and T2 SGMs of less than 4cm have a better prognosis regardless 

of the histologic types than those of more than 4cm in size (Speight and Barrett, 2009). 

Furthermore, low-grade SGMs have a better outcome after marginal excision similar to 

those for benign salivary gland tumours. Whereas, high-grade SGMs have quite different 

characters in terms of the clinical course and treatment outcomes with a mortality rate of 

less than 50% survival in 5-years among all head and neck cancers (Jang et al., 2018). 

 

 

Table 5 TNM staging for SGMs (Amin et al., 2018)  
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 Management of SGMs 

The histologic types and grading information determine the management strategies and 

prognosis for patients with SGMs. Surgical intervention is the primary management of 

SGMs with the aim of preservation of neural structures and function when it is possible. 

However, affected nerves may be sacrificed when the nerve is enclosed in tumour (Lin et 

al., 2018). Neck dissection is recommended in cases of SGMs with regional lymph node 

metastasis, advanced T classification and higher histologic grade. Adjuvant radiotherapy 

is considered for SGMs with a risk of locoregional recurrence, high grade, positive 

surgical margins and PNI.  Adjuvant radiotherapy is associated with improved regional 

and local control and therefore survival (Cerda et al., 2014). Whether the addition of 

chemotherapy and molecular targeted therapy to the postoperative radiotherapy adds any 

value to control of the disease in patients with SGMs remains controversial as the impact 

of chemotherapeutic and systemic agents on overall survival remains unclear (Lin et al., 

2018, Surakanti and Agulnik, 2008). 

 

1.3 Perineural invasion 

Perineural invasion (PNI), perineural spread (PNS) and neurotropism are terms used to 

describe the process of neoplastic invasion of nerves (Johnston et al., 2012). These terms 

are frequently used interchangeably in clinical practice and in the literature, although PNI 

should be distinguished from PNS, PNS is a macroscopic tumour cells spreading along 

nerve tissues detectable by imaging, whereas PNI is a microscopic finding of tumour cells 

invading the nerves on histologic examination of biopsied cancer tissues (Panizza, 2016, 

Batsakis, 1985). The first broad description of PNI in head and neck cancer was defined 

as “invasion in, around and through the nerves” (Batsakis, 1985). Liebig et al., (2009) 

defined PNI in cancer as “tumour in close proximity to nerve and involving at least 33% 

of its circumference or tumour cells within any of the 3 layers of the nerve sheath”  which 
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is  considered the third form of tumour spread. Since, there can be variation among 

pathologists in evaluating PNI in OSCC, there is a great need to find an objective, 

reproducible criteria and clinical relevance for this evaluation (Chi et al., 2016). 

Therefore, formulating just one accepted general definition for PNI in head and neck 

cancer is very challenging and the description of the PNI should have more information 

about the nature of the biological interaction process between the nerve and tumour cells 

(Schmitd et al., 2018b). Schmidt et al., (2018a) suggested that nerve-cancer distance and 

nerve diameter rather than presence of PNI should be used as diagnostic criteria for PNI 

and represent three microscopic characteristics of PNI: tumour cells infiltrating the nerve, 

at least 33% encirclement of the nerves by tumour cells and total encirclement of the 

nerve by the cancer cells (Figure 1). However, some investigators considered intraneural 

invasion as a subgroup of PNI and should be recorded separately as a pathological factor 

(Bakst et al., 2019, Binmadi and Basile, 2011, Liebig et al., 2009). Other methods should 

to be taken into consideration to determine the precise pattern of PNI histologically. In 

addition to haematoxylin and eosin (H&E) staining, deeper tissue section should be 

examined or staining with antibodies against S-100 and cytokeratin to distinguish the 

nerves from the tumour by highlighting the nerve and cancer cells respectively (Bakst et 

al., 2019, Schmitd et al., 2018a).   
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 The anatomy of peripheral nerve  

Knowledge of the anatomical structure of the peripheral nerve is essential to 

understanding the mechanism of PNI. Peripheral nerves are a bundles of neurons (axons) 

and supporting cells including Schwann cells (SCs), fibroblasts and blood vessels. The 

neurons and supporting cells and tissues are wrapped by a layer referred to as 

endoneurium that consists of a delicate connective tissue made up of collagen and 

extracellular matrix. The neurons in the endoneurium are grouped into fascicles by 

perineurium which consists of 1 to many layer(s) of tightly connecting flat endothelial 

cells with collagenous basement membrane which serves as a selective barrier and 

mechanical support to the nerve. The fascicles are grouped together by a sheath that 

surrounds the whole nerve called the epineurium, this layer is composed of outer layers 

of loose connective tissue and inner layer of densely organised collagen and elastin fibres 

(Figure 2). The blood and lymphatic vessels are usually found in outer layer of epineurium 

and usually the nerves follow the anatomical distribution of the blood vessels throughout 

the body (Bakst et al., 2019, Schmitd et al., 2018b, Brown, 2016, Bakst and Wong, 2016, 

Figure 1 Microscopic characteristics of PNI: cancer cell within nerve (A), at least 33% 

encirclement of the nerves by cancer cells (B), total encirclement of the nerve by cancer cells 

(C) (D’Silva and Gutkind, 2019).       
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Liebig et al., 2009). However, many studies confirmed that the lymphatics do not 

penetrate the epineurium (Liebig et al., 2009, Batsakis, 1985).  The perineural niche/space 

formed by neurons, supporting cells and tissue, and the peripheral nerve sheaths in the 

background of cancer, provide a suitable nerve microenvironment for the biological and 

physical nerve-cancer interaction that promote PNI (Chen et al., 2019, Binmadi and 

Basile, 2011).                 

 

Figure 2 Cross section of peripheral nerve. Neurons and endoneurium are grouped into fascicles 

by perineurium which are then surrounded by the epineurium.  

 

 Pathogenesis of PNI  

The biological mechanism underlying the pathogenesis of PNI and how cancer cells can 

break through the 3 sheaths of a peripheral nerve is still poorly understood and therefore 

lacks a specific treatment targeting this pathologic entity. Previous theories suggested that 

PNI was an extension of lymphatic spread which was disproven with studies 

demonstrating that lymphatic channels do not penetrate the epineurium (Liebig et al., 

2009, Batsakis, 1985, Larson et al., 1966). For the last 50 years, the predominant 

hypothesis behind the pathogenesis of PNI was that tumour cells spread along nerve 

sheaths due to the low resistance of perineurium, which serve as a channel for the 

migration of tumour cells toward the nerves (Brown, 2016, Liebig et al., 2009, Akert et 
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al., 1976). However, a scan of nerves with electron microscopy demonstrated that the 

perineurium is relatively tight with several layers of collagen and basement membrane 

which made the perineurium a highly resistance path acting as a selective barrier 

separating the nerves from the surrounding tissues (Binmadi and Basile, 2011, Liebig et 

al., 2009). Recent studies proposed the nature of PNI as a reciprocal signalling 

interactions between the cancer cells and nerves and that the tumour cells have the 

capacity to respond to these signals within perineural space (Binmadi and Basile, 2011, 

Liebig et al., 2009). Bakst & Wong., (2016) described the mechanism of PNI as a 

continuous multistep process between the cancer cells and perineural niche, this 

biochemical interaction happened as a result of nerve-tumour cross talk prior to physical 

contact through a complex process (Chen et al., 2019, Scanlon et al., 2015). Amit et al., 

(2016b) demonstrated that the process of PNI occurred by maintaining these seven steps 

of: tumour cell survival, nerve homeostasis, inflammatory reaction, cancer cell 

chemotaxis to the nerves, neurogenesis or neurite outgrowth, tumour cell adhesion to 

nerve sheaths and then nerve invasion. However, Chen et al., (2019) believed that PNI 

occurs through a more complex process due to the change in the perineural niche in the 

background of the cancer and migration of perineural matrix, these changes will enhance 

the mobility and invasiveness of the tumour cells, which leads to nerve cell injury and 

regeneration by SCs and then the chemotactic adherence of the nerve cells and the tumour 

cells. As a result of this contact, the tumour cells spread along the nerves and induce PNI.  
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 Molecular mechanism of PNI in OSCC and SGMs 

A variety of neurotrophic factors (NF), extracellular matrix adhesion molecules (AM), 

chemokines (Ck) and proteins promoting neurogenesis (NP) are likely to be involved in 

PNI in cancer. These molecules are either secreted by tumour cells which can lead to 

neural outgrowth toward the cancer cells or by the perineural niche causing a signalling 

cascade in the tumour cells and therefore stimulate migration, survival and invasion of 

cancer cells toward the nerves (Roh et al., 2015) (Figure 3). In the perineural space, the 

nerve-tumour interaction occurs through the activation of signal transduction pathways 

with several contributing ligands and their receptors (Chen et al., 2019, Roh et al., 2015, 

Johnston et al., 2012, Binmadi and Basile, 2011, Liebig et al., 2009, Gil et al., 2009, Ayala 

et al., 2001). Once binding of factor and receptor occurs, different signalling pathways 

are activated leading to a sequence of cellular and nuclear transduction pathways (Brown, 

2016, Bakst and Wong, 2016). Firstly, some factors induce neurite outgrowth towards the 

tumour cells for the physical contact. Because of this contact, a reciprocal signalling 

interaction occurs under the stimulation of other factors that promote migration and 

survival of tumour cells. Finally a change in the perineural niche environment promoting 

tumour cells invasion into and around the nerves (Brown, 2016). However, this sequence 

of mechanisms may not occur simply in the same order; rather, it is a complex mechanical 

and chemical closed-loop interaction (Chen et al., 2019). Thus, these molecules which 

are produced by tumour cells and the perineural niche in the background of cancer 

activate signals through autocrine and paracrine actions enhancing PNI (Bakst and Wong, 

2016). 
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1.3.3.1 Neurotrophins 

These factors are a family of proteins that regulate the development and growth of 

peripheral and central nervous system nerves. These neurotrophic factors comprise nerve 

growth factor (NGF), brain-derived neurotropic factor (BDNF), glial cell line-derived 

neurotrophic factor (GDNF) and neurotrophin 3 (NT-3) (Brown, 2016). 

1.3.3.1.1 Nerve growth factor 

NGF has a role in the PNI pathogenesis of many tumours by regulating cell proliferation, 

migration, survival and therefore invasion (Molloy et al., 2011). Depending on the tumour 

origin, the signalling can be mediated by high affinity tyrosine kinase A (TrkA) receptor 

or by low affinity neurotrophic receptor (p75NTR)  (Kruttgen et al., 2006). TrkA binds 

NGF and mediates proliferation, invasion and survival of tumour cells via activation of 

Figure 3 Signalling molecules that are relevant in PNI. Tumour cells and nerves secrete 

molecules that lead to neurite outgrowth towards the tumour cells that cause complex neuron-

tumour interaction facilitating tumour cell migration and therefore PNI. NF Neurotrophic 

Factors, AM Adhesion Molecules, Ck Chemokines, NP Neurogenesis Proteins, NGF Nerve 

Growth Factor, NCAM Neural Cell Adhesion Molecule, GAL Galanin. 
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phosphoinositide 3-kinases (PI3K/Akt), Ras/mitogen-activated protein kinase 

(Ras/MAPK) and phospholipase C gamma (PLCγ) pathways (Molloy et al., 2011) (Figure 

4).  

 

Figure 4 NGF signalling pathways. NGF binding to TrkA receptor mediates survival, 

proliferation and invasion via activation of PI3K/Akt, Ras/MAPK and PLCγ pathways. NGF 

binding to the p75NTR receptor activate NF-κB and c-Jun N-terminal kinase (JNK) that mediate 

opposing effects of survival and apoptosis respectively (Molloy et al., 2011). 

 

The PI3K/Akt pathway is one of the signalling pathways that is found to be frequently 

disturbed in human cancers (Hennessy et al., 2005). The serine/threonine kinase Akt is 

activated by phosphorylation at Thr308 (T308) and Ser473 (S473) and may be involved 

in cancer progression and metastasis (Islam et al., 2014, Vivanco and Sawyers, 2002). 

NGF signalling via its receptor TrkA is upregulated in breast cancer cells activating 

PI3K/Akt which leads to proliferation, invasion and metastasis (Lagadec et al., 2009). 



22 
 
Recently a study reported that TrkA mediates proliferation, migration and aggressiveness 

in prostate cancer cells, once activated by NGF (Di Donato et al., 2019).  

NGF and TrkA receptor are upregulated in OSCC in which PNI is observed (Kolokythas 

et al., 2010). Moreover, NGF expression was correlated with PNI and poor prognosis in 

OSCC (Shen et al., 2014a). Although, Yu et al., (2014) confirmed the same findings that 

NGF expression is associated with PNI in OSCC, TrkA was not correlated with PNI in 

the same specimens and NGF expression was not a prognostic predictor for poor survival 

in OSCC. p75NTR affects tumour progression in a mouse model of OSCC (Chen et al., 

2016) and expressed in OSCC paraffin embedded tissue sections (Søland et al., 2008). 

However, the correlation of p75NTR and PNI in OSCC was not investigated in both 

studies. Regarding SGMs, there are few published studies about the role of NGF and/or 

TrkA with PNI in SGMs. NGF and TrkA overexpression were correlated with PNI in 

AdCC and NGF has an effect on migration capacity and therefore PNI of AdCC in-vitro 

(Wang et al., 2006). Furthermore, Wang et al., (2006) described that the PNI mechanism 

in AdCC as autocrine/paracrine action of NGF/TrkA interaction between nerve and 

tumour cells. The invasive behaviour of AdCC is regulated by NGF and its receptor 

p75NTR which may the cause of PNI in AdCC (Zhu et al., 2003). NGF over expression 

was also seen in the majority of patients with positive-PNI AdCC, moreover, those 

patients with high expression of NGF had a worse survival rate (Hao et al., 2010). 

However, TrkA expression was not correlated with PNI and was not related to survival 

in patients with salivary duct carcinoma (Ryu et al., 2018).  
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1.3.3.1.2 Brain-derived neurotropic factor 

To our knowledge, BDNF has been investigated as a potential marker in AdCC and its 

relation to PNI, however, the study confirmed that BDNG is expressed by AdCC 

regardless of PNI status (Kowalski and Paulino, 2002).  The contribution of BDNF and 

its high affinity tyrosine kinase B (TrkB) receptor toward PNI in SGMs has been 

examined in AdCC where BDNF/TrkB expression was correlated with PNI in human 

AdCC tissues and promotes the migration and invasion in AdCC cells (Aivazian et al., 

2015, Jia et al., 2015). The involvement of BDNF and its high affinity tyrosine kinase B 

(TrkB) receptor in head and neck cancer was first investigated in 2010 (Kupferman et al., 

2010). TrkB and its secreted ligand BDNF are expressed in human head and neck SCC 

(HNSCC), however no indication of correlation between these factors and PNI was 

reported either in a previous study or in the most recent one (Dudás et al., 2019). TrkB 

alone was implicated significantly in OSCC tissues and cells and this contribution did not 

link to PNI (Zhu et al., 2007). 

 

1.3.3.1.3 Glial cell line-derived neurotrophic factor and Neurotrophin 3  

GDNF family consists of four proteins: GDNF, neurtuin, artemin, and persephin, each 

protein corresponds to one specific GDNF receptor (GFRα) (Chen et al., 2019). Little is 

known about the pathological role of GDNF in OSCC and SGMs. GDNF was highly 

expressed in OSCC tissues and enhances OSCCs migration which is an important 

invasive potential in for PNI in OSCC (Chuang et al., 2013).  

Neurotrophin-3 receptor TrkC was highly expressed in AdCC (Ivanov et al., 2013) and  

NT-3 and its receptor TrkC contributed to the PNI in AdCC via the interaction between 

tumour cells and SCs (Li et al., 2019). 
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1.3.3.2 Extracellular matrix adhesion proteins 

Adhesion molecules (AM) are transmembrane proteins that promote invasion and 

metastasis of several tumours through alteration of cell-cell and cell-extracellular matrix 

adhesion by means of ligands and their receptors (Lyons and Jones, 2007). The proteins 

that are involved in the PNI process include neural cell adhesion molecule (NCAM), 

telencephalin (ICAM-5), laminin 5, claudin 1 and 4, Insulin-like growth factor II mRNA 

binding protein 3 (IMP3) and Bim/Bod and BAGI (Schmitd et al., 2018b, Bakst and 

Wong, 2016). Cell adhesion molecules interact with SCs in the perineural space 

suggesting that these molecules may be implicated in PNI in several cancers (Bakst and 

Wong, 2016, Cavallaro and Christofori, 2004). 

NCAM also known as CD56 is associated not only with a cell-cell adhesion mechanism, 

but also with tumorigenesis, including PNI in human salivary gland tumour cells (HSG) 

(Fukuda et al., 2005, Fukuda et al., 2001). NCAM is recognised to play an important role 

in PNI in AdCC.  Gandour-Edwards et al., (1997) demonstrated that NCAM is expressed 

in the majority of AdCC tissues with PNI  and NCAM expression can, to a certain extent, 

be used as a predictor of PNI in AdCC (Shang et al., 2007). However, the use of NCAM 

expression as a predictor of PNI is highly unlikely, regardless of its role in the 

pathogenesis of PNI in AdCC (Hutcheson et al., 2000). Although NCAM and other AM 

such as HCAM and ICAM‐1 were found to be expressed by SGMs, no correlation to PNI 

was found (Perschbacher et al., 2004). NCAM plays a role in the process of PNI in OSCC 

and there was a significant correlation between NCAM expression and PNI in HNSCC 

(Vural et al., 2000, McLaughlin et al., 1999). However, the role of NCAM that promotes 

PNI in OSCC and SGMs is still to be determined.  
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Other adhesion molecules expressed in OSCC that were  related to PNI include ICAM-5 

(Maruya et al., 2005), laminin 5 (Tarsitano et al., 2016, Anderson et al., 2001), claudin 1 

(Dos Reis et al., 2008, Sappayatosok and Phattarataratip, 2015), IMP3 (Tarsitano et al., 

2016) and Bim/Bod and BAGI (Coutinho-Camillo et al., 2010). On the other hand, 

claudin 4 was associated with reduction of PNI in OSCC (Lourenço et al., 2010). 

1.3.3.3 Chemokines 

Chemokines (Ck) are a family of proteins that induce chemotaxis which is one of the 

mechanisms controlling PNI in cancer (Chen et al., 2019). There are several chemokines 

involved in PNI mechanisms in OSCC and SGMs such as galanin (GAL), activin A, 

CCL5 and CCR5. GAL is involved in cellular survival nerve and regeneration after injury 

(Hulse et al., 2011), GAL has a 3 G protein receptors : GALR1, GALR2 and GALR3 

(Bakst and Wong, 2016). GAL induces neurogenesis that promotes PNI in a OSCC in-

vivo model approach in which GAL secreted from nerves stimulate GALR2 on cancer 

cells that initiate nerve-tumour crosstalk (Scanlon et al., 2015). Cytokine activin A is a 

member of transforming growth factor β family that is overexpressed in OSCC and is 

associated with PNI and poor survival (Chang et al., 2010). To our knowledge, only one 

study has been conducted to investigate the role of chemokines in SGMs which 

demonstrated that CCL5 was expressed by nerves that stimulate the chemotactic 

migration of tumour cells by expressing its receptor CCR5 eventually leading to PNI in 

AdCC (Gao et al., 2018, Shen et al., 2014b). 

1.3.3.4 Neurogenesis promoting factors  

Nerve outgrowth or neurogenesis is an essential step in PNI mechanism (Ayala et al., 

2001). The neurogenesis proteins (NP) that regulate PNI in OSCC and SGMs are 

semaphorins and ephrin ligands (Bakst and Wong, 2016). Semaphorin 4D and its receptor 

plexin-B1 are highly expressed in nerves and tumour cells in AdCC, PLGA and high-
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grade mucoepidermoid and HNSCC that exhibit PNI (Binmadi et al., 2012). Ephrin 

ligand and its receptor EphA2, which is one of the largest receptors of the Trk receptor 

family, are correlated significantly with PNI in AdCC (Shao et al., 2013) 

A description of the molecular factors and /or their receptor implicated in PNI in OSCC 

and SGMs is shown in table 6 and 7 respectively. 
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Factor /receptor Class Cancer 
Experiment/ 

No. of cases 
Relevance Reference 

NGF/TrkA NF/R OSCC IHC/21 Expression associated with PNI (Kolokythas et al., 2010) 

NGF/TrkA NF/R OSCC & SGMs In-vitro Potentially enhance PNI (Alkhadar et al., 2019) 

NGF NF OSCC IHC/116 Expression correlated with PNI and poor prognosis (Shen et al., 2014a) 

NGF/TrkA NF/R OSCC IHC/46 Only NGF expression associated with PNI, NGF was 

unable to predict survival 

(Yu et al., 2014) 

p75NTR NFR OSCC In-vivo mouse model Associated with tumour progression  (Chen et al., 2016) 

p75NTR NFR OSCC IHC/53 p75NTR was expressed in all OSCCs (Søland et al., 2008) 

BDNF/TrkB NF/R HNSCC IHC/71 

In-vitro 

In-vivo mouse model 

BDNF/TrkB are expressed in tissues and potentiates 

in-vitro migration and invasion 

Downregulation of TrkB suppresses tumour growth 

in-vivo  

(Kupferman et al., 2010) 

BDNF/TrkB NF/R HNSCC IHC/131 

In-vitro 

TrkB is upregulated in tissues and cells  

 

(Dudás et al., 2019) 

TrkB NFR HNSCC IHC/23 

In-vitro 

TrkB is overexpressed in tissues and cell line (Zhu et al., 2007) 

GDNF NF OSCC IHC/TMA 

In-vitro 

Highly expressed in OSCC tissues and enhance cells 

migration which potential for PNI  

(Chuang et al., 2013) 

NCAM AM HNSCC IHC/76 Expression is associated with PNI (McLaughlin et al., 1999) 

NCAM 

 

AM HNSCC IHC/41 Expression associated with PNI, but not with 

Survival  

(Vural et al., 2000) 

ICAM-5 AM HNSCC IHC/25 

In-vitro 

Expression associated with PNI (Maruya et al., 2005) 

Laminin 5 AM HNSCC IHC/64 Expression associated with PNI (Anderson et al., 2001) 

Table 6 Factors/receptors (R) exhibiting significant correlation with PNI in OSCC 
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Laminin 5/IMP3 AM OSCC IHC/64 Laminin 5/IMP3 expression associated with PNI, 

IMP3 associated with Poor survival 

(Agarwal et al., 2008) 

Claudin 1 AM OSCC IHC/100 

In-vitro 

Expression associated with PNI  (Dos Reis et al., 2008) 

Claudin 1 & 4 AM OSCC IHC/45 Claudin 1 Expression associated with PNI and poor 

prognosis 

(Sappayatosok and 

Phattarataratip, 2015) 

Bim/Bod, BAGI AM OSCC IHC/229 Expression associated with PNI (Coutinho-Camillo et al., 

2010) 

Claudin 4 AM OSCC IHC/136 Expression associated with decreased PNI (Lourenço et al., 2010) 

GAL/GALR2 Ck/R OSCC In-vivo Facilitate PNI  (Scanlon et al., 2015) 

Activin A Ck OSCC IHC/92 Expression associated with PNI and poor survival  (Chang et al., 2010) 

Semaphorin 4D/ 

plexin-B1 

NP/R HNSCC IHC/6 Expression associated with PNI (Binmadi et al., 2012) 
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Factor /receptor Class Cancer 
Experiment/ 

No. of cases 
Relevance Reference 

NGF/TrkA NF/R AdCC In-vitro 

IHC/32 

NGF has an invasive effect 

NGF/TrkA expressions correlated with PNI 

(Wang et al., 2006) 

NGF/ p75NTR NF/R AdCC IHC/42 Both are upregulated and may cause PNI (Zhu et al., 2003) 

NGF NF AdCC IHC/63 Expression correlated with PNI and poor survival (Hao et al., 2010) 

TrkA NFR SDC IHC/28 Expression was not correlated with PNI and survival (Ryu et al., 2018) 

BDNF NF AdCC IHC/29 Expression may predict PNI (Kowalski and Paulino, 2002) 

BDNF/TrkB NF/R AdCC IHC/76 

 

In-vitro 

Expression correlated with PNI, TrkB correlated with 

poor survival 

BDNF/TrkB promote migration and invasion 

(Jia et al., 2015) 

NT-3/TrkC NF/R AdCC IHC/78 

 

In-vitro (AdCC 

&SCs) 

NT-3/TrkC expression correlated with PNI and poor 

prognosis 

NT-3/TrkC mediate the interaction between both cells 

in the PNI microenvironment.  

(Li et al., 2019) 

TrkC NFR AdCC IHC/7 Expressed highly in AdCC (Ivanov et al., 2013) 

NCAM AM HSG In-vitro NCAM is associated with development of PNI  (Fukuda et al., 2005, Fukuda et 

al., 2001) 

NCAM AM AdCC IHC/18 Expression of NCAM facilitates PNI  (Gandour-Edwards et al., 

1997) 

Table 7 Factors/receptors (R) exhibiting significant correlation with PNI in SGMs 
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NCAM AM AdCC IHC/49 Expression can predict PNI (Shang et al., 2007) 

NCAM AM AdCC IHC/37 Expression is not correlated with PNI (Hutcheson et al., 2000) 

NCAM/ HCAM 

/ICAM‐1 

AM AdCC/PLGA/ 

ACC/AC/MEC 

IHC/53 Expression is not related to PNI (Perschbacher et al., 2004) 

CCL5/CCR5 Ck/R AdCC IHC/64 

n-vitro 

CCR5 expression is associated with PNI 

CCL5 promote PNI  

(Shen et al., 2014b) 

CCL5/CCR5 Ck/R AdCC IHC/86 

n-vitro 

CCR5 expression is associated with PNI 

CCL5/CCR5 promote PNI  

(Gao et al., 2018) 

Semaphorin 4D/ 

plexin-B1 

NP/R AdCC/PLGA/ 

low & high-grade 

MEC 

IHC/24 Expression associated with PNI in AdCC, PLGA and 

high-grade MEC 

(Binmadi et al., 2012) 

Ephrin/EphA2 NP/R AdCC IHC/49 Expression correlated with PNI (Shao et al., 2013) 
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 Cells in PNI 

The cells in the perineural space are essential to promote the spread of cancer cells along the 

nerves and therefore PNI (Bakst and Wong, 2016). These cells include SCs, endoneurial 

macrophages and fibroblasts. SCs are the major constituent of the perineural niche that 

promote the regeneration of damaged nerves (Chen et al., 2019). Recent in-vitro research 

showed that SCs initiate PNI through migration toward tumour site and destroy the cancer 

cells’ connections which disturb the cells cluster and enhance their spread along the nerve. 

This process is dependent on  neural cell adhesion molecule 1 (NCAM1) which is expressed 

by SCs (Deborde et al., 2016). Furthermore, SCs induce epithelial-mesenchymal transition 

(EMT) in AdCC which is a vital role in PNI process through the BDNF and its receptor TrkB 

upon co-culture both cells (Shan et al., 2016). Endoneurial macrophages maintain the 

regeneration of injured nerves and contribute to nerve homeostasis (Bakst and Wong, 2016). 

These cells promote tumour metastasis and PNI by producing GDNF in pancreatic cancer 

(Cavel et al., 2012). Perineurium originates from fibroblasts, therefore, any changes in the 

fibroblasts in the perineural space can affect the permeability of the perineurium and impair 

the protection of the nerve from invasion (Chen et al., 2019). However, there is still no 

evidence linking fibroblasts with PNI in any type of cancer.  

 

 The mechanism of pain in PNI 

PNI is associated with pain generation in patients with pancreatic cancer, OSCC and AdCC  

(Yeh et al., 2016, Dantas et al., 2015, Bapat et al., 2011) although the molecular mechanism 

that is responsible for the development of pain is not well investigated in OSCC and SGMs. 

However, the reasons behind pain generation are thought to be through several mechanisms 

and seem to be multifactorial in pancreatic cancer (Bapat et al., 2011). For instance, nerve 
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sheath damage as a result of cancer cell invasion leaves the nerve exposed to any stimuli due 

to signalling interaction between the cancer cells and nerve (Ceyhan et al., 2008). Neurogenic 

inflammation and macrophage infiltration as a result of cancer cells invasion into the 

perineural space may sensitise the sensory nerve close to the cancer and therefore result in 

pain (di Mola and di Sebastiano, 2008). Furthermore, the interaction between sensory nerve 

fibres and blood vessels might be another reason for the pain coupled with outgrowth of 

nerves as the tumours progress. Some factors have been known to influence the 

neovascularisation such as vascular endothelial growth factor (VEGF), interleukin-1 and 

prostaglandin (Lindsay et al., 2005). Haematopoietic factors such as colony stimulating 

factors (G-CSF and GM-CSF) and their receptors (G-CSFR and GM-CSFRα) are expressed 

in pancreatic nerves and may play a role in tumour induced pain in pancreatic cancer 

(Schweizerhof et al., 2009). Some neurotrophic factors that are responsible for PNI have been 

implicated in pain generation in pancreatic cancer, for example, NGF/TrkA signalling 

pathway is involved in the pathogenesis of cancer pain through neurogenic inflammation 

mechanisms (Wang et al., 2014).  Moreover, NGF and TrkA expression levels were 

significantly associated with pancreatic cancer patients who presented with pain at the time 

of diagnosis (Zhu et al., 1999). Additional neurotrophic factors are involved in this complex 

process of pain since BDNF and GDNF are both expressed in the perineurium of nerves and 

correlate with pain intensity in pancreatic cancer (Bapat et al., 2011, Ceyhan et al., 2008).  

A study conducted to investigate and identify the molecular pain mediators in OSCC was 

done using a mouse oral cancer model treated with anti-NGF which exhibited a strong 

antinociceptive sensory effect by decreasing nociception receptors such as transient receptor 

potential cation channel, subfamily V, member 1 (TRPV1) and transient receptor potential 

cation channel, subfamily A, member 1 (TRPA1) in trigeminal ganglion cells extracted from 
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oral cancer mouse model (Ye et al., 2011). Another study demonstrated that BDNF signalling 

may constitute a novel mechanism by which OSCC induces pain in an in-vivo mouse model 

of OSCC (Chodroff et al., 2016). Therefore, neutralising NGF and BDNF actions might be 

an effective approach to treat pain associated with oral cancer in the future. 

 

 Incidence of PNI in OSCC  

The incidence of PNI varies with anatomic location of the primary oral cancer site, thus there 

is variation in the rates of PNI (Kurtz et al., 2005). The overall frequency of PNI in OSCC 

has been reported in the range of 2.5% to 71 % with an average of 29% (Table 8). Some sites 

in the oral cavity are more likely to present with PNI than others, for example, tongue and/or 

floor of the mouth PNI rate was detected up to 70% of OSCC (Schmitd et al., 2018b, Jardim 

et al., 2015, Durr et al., 2013a),  and SCC of the lower lip has a lower rate of PNI reported as 

5.2% (Rodolico et al., 2004). This variation reflects the lack of a standardised definition of 

PNI, a clear method for PNI detection and whether PNI was assessed by review of pathology 

records or review of H&E slides. The diagnostic criteria for PNI detection vary among  

pathologists and there is an urgent need for PNI calibration that will produce more consistent 

determination of PNI in OSCC (Chi et al., 2016). Kurtz et al., (2005) and Shen et al., (2014a) 

reported that PNI rates increase remarkably from the original pathology records (30%, 22%), 

through re-review H&E slides ( 62%, 39%) to IHC with S100 to stain nerves (82%, 51%) 

respectively. Therefore, the use of immunohistochemistry (IHC) enhances the detection of 

PNI in OSCC.  
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Author/s Country Site No. of patients PNI % 

(Park et al., 2020).  Australia Oral cavity 116 47.4 

(Rodrigues et al., 2020) Brazil Oral cavity 380 22.9 

(Berdugo et al., 2019) USA Tongue 407 33 

(Yang et al., 2018) China Oral cavity 221 15.4 

(Baumeister et al., 2018) Germany Oral cavity 178 27.5 

(Cracchiolo et al., 2018) USA Oral cavity 381 28 

(Nair et al., 2018) India Oral cavity 1524 20.3 

(Tarsitano et al., 2016) Italy Oral cavity 64 51.5 

(Tarsitano et al., 2015) Italy Oral cavity 236 21.6 

(Aivazian et al., 2015) Australia Oral cavity 318 29.2 

(Varsha et al., 2015) India Oral cavity 117 40.5 

(Matsushita et al., 2015) Japan Tongue 89 27 

(Jardim et al., 2015) Brazil Oral cavity 142 50 

(Almangush et al., 2015) Finland, Brazil, USA Tongue 479 21.5 

(Lin et al., 2015) Taiwan Oral cavity 554 20.5 

(Sinha et al., 2014) USA Oral cavity 95 25 

(Shen et al., 2014a) Taiwan Tongue 116 51 

(Pinto et al., 2014) Brazil Oral cavity 57 63.2 

(Yu et al., 2014) Taiwan Oral cavity 101 26 

(Chen et al., 2013) Taiwan Oral cavity 442 14.4 

(Hilly et al., 2013) Israel Tongue 113 14.1 

(Chinn et al., 2013) USA Oral cavity 88 22.7 

(Durr et al., 2013b) USA Tongue 120 71 

(Ling et al., 2013) China Tongue 210 23 

(Tai et al., 2013b) Taiwan Oral cavity 307 27.3 

(Tai et al., 2013a) Taiwan Oral cavity 212 25 

(Tai et al., 2012) Taiwan Oral cavity 190 31 

(D'Cruz et al., 2009) India Oral cavity 359 9 

(Gonzalez-Garcia et al., 

2009) 

Spain Oral cavity 522 15 

(Liao et al., 2008) Taiwan Oral cavity 460 14.7 

(Garzino-Demo et al., 2006) Italy Oral cavity 245 25.3 

(Rodolico et al., 2004) Italy Lower lip 95 5.2 

(Sparano et al., 2004) USA Tongue 45 33 

(Hinerman et al., 2004) USA Oral cavity 226 36.7 

Table 8 PNI rates in OSCC 
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 Incidence of PNI in SGMs 

The incidence of PNI in SGM ranges from 23-96% with an average of 55.7% (Table 9), with 

a recent reported incidence of PNI of more than 90% of several histological types of major 

and minor SGMs (Haderlein et al., 2019). The highest incidence rate of PNI is found in AdCC 

with a range of 31 to 96% in  minor and major salivary glands with an overall percentage of 

50% (Barrett and Speight, 2009). More than 70% of PNI in AdCC was detected in  parotid 

gland cancers (Huyett et al., 2018). High rates of PNI have also been reported in SDC  (Huyett 

et al., 2018, Nabili et al., 2007) and PLGA (Chong et al., 1996), where PNI  identified in about 

30%  and 60% of cases of PLGA and SDC respectively.  AdCC and PLGA have shown a 

similar frequency of PNI in another study and PNI was detected in 57% and 62% respectively 

(Schwarz et al., 2011). Other  salivary gland carcinomas such as ACC and MED have lower 

rates of PNI (Johnston et al., 2012). The presence of PNI in SGMs was highly detected in 

parotid glands, minor salivary glands followed by sublingual salivary glands (Liu et al., 2017, 

Shang et al., 2007). Submandibular glands have lower rates of PNI among the SGMs (Shang 

et al., 2007) with a percentage of less than 40% (Kokemueller et al., 2004). However, a high 

incidence of PNI was detected in AdCC of submandibular salivary gland  with 96% in 

another study (Luna et al., 1990). The reason for the higher incidence of PNI in minor and 

major salivary glands is the proximity of the affected glands to the local innervation.  
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Table 9 PNI rate in SGMs 
Table 9 (Author, year) Country Site Histology No. of patients PNI % 

(Haderlein et al., 

2019) 

Germany Major & minor SG Mixed 65 90.8 

(Huyett et al., 2018) USA Parotid SG Mixed 215 46.2 

(Liu et al., 2017) China Sublingual SG ADCC 38 23.7 

(Amit et al., 2015) Israel, 

Germany, 

USA, Italy, 

India, China, 

Denmark 

Major & minor SG AdCC 495 48.2 

(Lukšić et al., 2014) Croatia Minor SG AdCC 26 50 

(Min et al., 2012) China Major & minor SG AdCC 616 53 

(DeAngelis et al., 

2011) 

Australia Minor SG AdCC 24 68 

(Schwarz et al., 2011) Germany Minor SG AdCC 

PLGA 

14 

8 

57 

62.5 

(Bianchi et al., 2008) Italy Minor SG AdCC 67 58.2 

(Agarwal et al., 2008) India Minor SG AdCC 76 32 

(Gomez et al., 2008) USA Major & minor SG AdCC 59 63 

(Shang et al., 2007) China Major & minor SG AdCC 49 67 

(Tincani et al., 2006) Brazil Major & minor SG AdCC 21 42.8 

(da Cruz Perez et al., 

2006) 

Brazil Major & minor SG AdCC 129 44.9 

(Chen et al., 2006) USA Major & minor SG AdCC 140 58.5 

(Rapidis et al., 2005) Greece Major & minor SG AdCC 22 81 

(Gurney et al., 2005) USA Major SG AdCC 29 62 

(Pohar et al., 2005) USA Parotid SG mixed 163 77.9 

(Kokemueller et al., 

2004) 

Germany Major & minor SG AdCC 74 43.2 

(Mendenhall et al., 

2004) 

USA Major & minor SG AdCC 101 32 

(Cohen et al., 2004) USA Submandibular SG AdCC 22 50 

(Perschbacher et al., 

2004) 

Canada Major & minor SG mixed 53 33.9 

(Chummun et al., 

2001) 

Newcastle, 

UK 

Major & minor SG AdCC 45 51.1 
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SG, Salivary gland.  

 Clinical features of PNI in OSCC and SGM 

The relationship between cancer pain and PNI in OSCC has been documented recently using 

visual analogue scores  and a higher score of primary and referred pain was associated with 

PNI (Yeh et al., 2016).  However, PNI is very well known to be implicated in pain generation 

in many cancers such as pancreatic cancer (Bapat et al., 2011) and prostate cancer (Halvorson 

et al., 2005). PNI is frequently asymptomatic in head and neck cancer in the early stages 

(Nemzek et al., 1998), with up to 40% of head and neck cancer patients with PNI presenting 

with no symptoms at clinical examination (Warden et al., 2009). The most common 

symptoms if present are sensory changes including pain, paraesthesia, numbness and 

formication, whereas weakness of muscles of mastication or facial expression may occur in 

later stages with extensive PNI (Amit et al., 2016a, Amit et al., 2015, Johnston et al., 2012). 

Sensory changes in the territory of the trigeminal nerve with local and referred pain were 

(Khan et al., 2001) USA Major & minor SG AdCC 68 32 

(Hutcheson et al., 

2000) 

USA Major & minor SG AdCC 37 68 

(Fordice et al., 1999) USA Major & minor SG AdCC 160 49.3 

(Huang et al., 1997) China Major & minor SG AdCC 91 63.1 

(Beckhardt et al., 

1995) 

USA Minor SG mixed 116 35 

(Garden et al., 1995) USA Major & minor SG AdCC 198 69 

(Eibling et al., 1991) USA Major & minor SG AdCC 28 96 

(Frankenthaler et al., 

1991) 

USA Parotid SG AdCC 17 71 

(Luna et al., 1990) USA Submandibular SG AdCC 26 96 

(Weber et al., 1989) USA Minor SG AdCC 21 38 

(Vrielinck et al., 

1988) 

Belgium Major & minor SG AdCC 37 52.6 

(Santucci and Bondi, 

1986) 

Italy Major & minor SG AdCC 34 38 
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reported in the majority of patients with buccal cavity SCC with PNI (Carter et al., 1982). 

However, PNI may be initially misdiagnosed as Bell’s palsy or trigeminal neuralgia 

(Catalano et al., 1995). The frequency of neurological symptoms in patients with AdCC 

varies widely including pain, headache, epistaxis, purulent ear drainage and a feeling of 

obstruction when eating (Gomez et al., 2008, da Cruz Perez et al., 2006). Facial nerve palsy 

appeared in nearly 30% of patients with parotid gland tumours at the time of diagnosis 

(Wierzbicka et al., 2012), furthermore, facial nerve palsy and pain were reported to be found 

in the majority of patients with PNI-positive parotid gland malignancies at the time of 

presentation (Huyett et al., 2018) and pain only was a common finding in patients with AdCC 

that exhibit PNI  (Dantas et al., 2015). Facial palsy was also reported in a case of SDC with 

PNI in parotid gland (Kitavi et al., 2014). The most commonly involved nerves in PNI of the 

head and neck cancer are the facial nerve and the maxillary and mandibular divisions of the 

trigeminal nerve because of their extensive network of nerve fibres in the head and neck 

region (Caldemeyer et al., 1998). While PNI along the facial nerve occurs most commonly 

in parotid gland cancer, involvement of the maxillary and mandibular divisions of the 

trigeminal nerve occurs mainly in OSCC (Amit et al., 2016a). The targeting of relevant 

cranial nerves at risk in head and neck cancer is based on anatomic localisation of the primary 

tumour (Bakst et al., 2019). 

 

 Clinical outcome of PNI in OSCC  

Prognosis and treatment decisions in OSCC are currently based on TNM staging, as 

determined by clinical examination, imaging studies, and histopathological features that are 

believed to be risk factors affecting patient outcomes. One of these factors, the presence of 

PNI regardless of the size of the nerve affected has been known as an independent predictor 
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of poor prognosis and associated with decreased 5-years overall survival (OS), disease-

specific survival (DSS) and disease-free survival (DFS), increased risk of locoregional 

recurrence and distant metastasise in OSCC with level B evidence according to the Royal 

College of Pathologists (The Royal College of Pathologists, November, 2013a) (Rodrigues 

et al., 2020, Zhu et al., 2019, Lee et al., 2019b, Yang et al., 2018, Nair et al., 2018, Baumeister 

et al., 2018, Chatzistefanou et al., 2017, Tarsitano et al., 2016, Tarsitano et al., 2015, 

Matsushita et al., 2015, Jardim et al., 2015, Lin et al., 2015, Shen et al., 2014a, Yu et al., 

2014, Tai et al., 2013a, Tai et al., 2013b, Tai et al., 2012, Garzino-Demo et al., 2006). 

However, some studies failed to find a significance difference in 5-year survival rate between 

positive and negative PNI OSCC and that PNI was not associated with an increased risk of 

locoregional recurrence and poor survival in OSCC (Park et al., 2020, Aivazian et al., 2015, 

Chen et al., 2013, Gonzalez-Garcia et al., 2009, Liao et al., 2008). These contradictory results 

regarding the prognostic implication of PNI in OSCC are due to the conflicted findings in 

OS, DSS and DFS. PNI has a high impact on DSS and DFS not OS in patients with OSCC 

(Aivazian et al., 2015, Chinn et al., 2013), whereas, PNI in OSCC predicts for worse DSS, 

but not OS and DFS (Cracchiolo et al., 2018, Chen et al., 2013, Liao et al., 2008). The 

presence of PNI was significantly correlated with advanced pathological T and N tumour 

staging, nodal extracapsular spread, poor tumour differentiation, lymphovascular invasion, 

increase DOI  and high grade of invasive front, and therefore PNI seems to be critical to 

prognosis in OSCC (Nair et al., 2018, Cracchiolo et al., 2018, Tarsitano et al., 2016, Aivazian 

et al., 2015, Varsha et al., 2015, Matsushita et al., 2015, Shen et al., 2014a, Yu et al., 2014, 

Chinn et al., 2013). Nevertheless, there are a conflicting reports regarding the influence of 

PNI on the pathological parameters of OSCC, with some reports suggesting that  PNI is not 

correlated with tumour size (Tarsitano et al., 2015), increased DOI and high grade of invasive 
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front (Yu et al., 2014). The conflicting evidence about PNI as an adverse prognostic factor 

in OSCC is probably due to a lack of consistent methodology and study design, a limitation 

in the number of cases analysed and the method of detection of PNI (Binmadi and Basile, 

2011).  

 Clinical outcome of PNI in SGMs 

This controversy regarding the role of PNI as a prognostic factor exists even in SGMs due to 

the limited numbers of institutes, small sample sizes, short follow-up period, different  

salivary gland pathologies and variable PNI reporting methods (Barrett and Speight, 2009, 

Gomez et al., 2009). Whether PNI is an indicator for poor prognosis and its association with 

pathological parameters in SGMs has been a matter of considerable debate. The level of 

evidence for the prognostic relevance of the presence of PNI in SGMs is C according to the 

Royal College of Pathologists (The Royal College of Pathologists, November, 2013b). 

Several studies showed that PNI was not correlated with distant metastases and OS in AdCC 

(Spiro et al., 1997; Amit et al., 2015; Bhayani et al., 2012). A systematic review performed 

on AdCC emphasised that the presence of PNI is not associated with distant metastasis or 

survival rate but was associated with locoregional recurrence (Dantas et al., 2015). Although, 

PLGA demonstrated a high incidence of PNI, these tumours have a low risk of local 

recurrence after surgical resection (Schwarz et al., 2011, Pogodzinski et al., 2006). According 

to the one of the largest published studies from Amit et al., (2015) which aimed to reveal the 

clinical implication of nerve invasion using 2 different pathological categories of PNI and 

intraneural invasion, intraneural invasion not PNI was an independent predictor for poor 

prognosis in 5-years OS, DFS and DSS of patients with AdCC and only 5-years DSS in 

patients with PNI was significantly worse than those without PNI. Consistent with this, PNI 

did not correlate with OS, DFS, distant metastasis and locoregional recurrence in patients 
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with AdCC (Gomez et al., 2008, Bianchi et al., 2008, Sung et al., 2003, Khan et al., 2001, 

Spiro, 1997) and in different pathologies of major and minor salivary gland (Perschbacher et 

al., 2004).  

Regarding the site, PNI in parotid gland malignancies (Huyett et al., 2018), malignant 

sublingual salivary gland tumours (Liu et al., 2017) and malignant submandibular salivary 

glands tumours (Cohen et al., 2004) was not a predictor of poorer survival and not correlated 

with locoregional recurrence. In addition, other studies showed that PNI was not a predictor 

for clinical staging or pathological T-classification in AdCC of the head and neck (Amit et 

al., 2016a, Lukšić et al., 2014, van der Wal et al., 1990). However, PNI in parotid and 

submandibular gland malignancies was significantly associated with advanced T and N 

classification (Huyett et al., 2018), locoregional recurrence, DSS and OS (Pohar et al., 2005, 

Renehan et al., 1999, Vander Poorten et al., 1999, Luna et al., 1990).  

On the other hand, a number of other studies have suggested that PNI is considered to be an 

indicator for poor prognosis in SGMs and known as an adverse factor in distant metastasis 

(Rapidis et al., 2005, Mendenhall et al., 2004, Vrielinck et al., 1988) , locoregional recurrence 

(Pinakapani et al., 2015, Min et al., 2012, DeAngelis et al., 2011, Agarwal et al., 2008, Chen 

et al., 2006, Tincani et al., 2006, Kokemueller et al., 2004, Mendenhall et al., 2004), OS (da 

Cruz Perez et al., 2006, Chen et al., 2006, Mendenhall et al., 2004, Chummun et al., 2001, 

Fordice et al., 1999, Huang et al., 1997, Garden et al., 1995, Vrielinck et al., 1988) and DFS 

in AdCC of major and minor salivary gland (Garden et al., 1995, Santucci and Bondi, 1986). 

However, SDC with PNI has a high risk of skull base recurrence (Johnston et al., 2016).  
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 Diagnostic imaging for PNI in head and neck cancer  

Imaging plays a critical role in the accurate assessment of preoperative PNI in head and neck 

cancer in evaluating the extent of the tumour along the nerves which is required to achieve a 

negative surgical resection margin (Gandhi et al., 2011). Computed tomography (CT) 

scanning and magnetic resonance imaging (MRI) are complementary methods to assess PNI 

in head and neck cancer. MRI is the imaging modality of choice recommended for detecting 

PNI because of better soft tissue contrast resolution, reduced artefact from dental hardware 

and relative ease of differentiating normal and inflammatory changes from the cancer (Ong 

and Chong, 2010). MRI is associated with 95%-100% sensitivity and 85% specificity in 

detecting PNI and 63% sensitivity for mapping the entire extent of PNI in head and neck 

cancer (Nemzek et al., 1998), compared to the 88% sensitivity and 89% specificity of CT 

scan for detection of PNI (Hanna et al., 2007). However, a high quality CT scan with an 

experienced radiologist can detect most cases of PNI with better observation of bones, given 

that the major part of the trigeminal and facial nerves are contained within bony structures 

(Badger and Aygun, 2017). Although, Positron emission tomography CT (PET CT) is more 

sensitive than MRI and CT in detection tumour and nodal metastasis, it is considered to be 

inferior to MRI in the diagnosis of PNI as a result of limited spatial resolution which fails to 

detected the small volume of tumour in PNI (Dercle et al., 2018). Furthermore, false-positive 

scans can be seen on PET CT secondary to postsurgical and irradiation therapy (Lee et al., 

2019a). The majority of PNI can be detected with the proper use of imaging technique, 

however, inadequate technique and imaging artefact are limiting factors (Ginsberg, 1999). 

MRI findings associated with PNI include: nerve enlargement, nerve enhancement and 

disappearance of fat surrounding the nerves (Frunza et al., 2014). The enhancement of the 

nerve is due to the blood-nerve disruption after nerve injury, resulting in breakdown and 
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therefore increase permeability of the perineural sheaths allowing the leakage and 

accumulation of contrast media within the perineural space (Nemzek et al., 1998). The 

features of PNI on CT scan are nerve thickening, foraminal expansion or destruction, 

expansion of the cavernous sinus wall and soft tissue or enhancement within the trigeminal 

cavity (Lee et al., 2019a, Johnston et al., 2012, Ginsberg, 1999). Muscle atrophy and 

denervation with fatty infiltration secondary to extensive PNI can be detected on both MRI 

and CT scan (Johnston et al., 2012, Ong and Chong, 2010). Nevertheless, there are some 

conditions that mimic PNI on imaging, such as schwannoma, sinonasal sarcoidosis, and 

invasive viral and fungal infections.(Ong and Chong, 2010).  Therefore, relying only on 

imaging of PNI in head and neck cancer to make treatment decisions is insufficient and 

requires histopathologic confirmation of tumour spread along the nerves (Frunza et al., 2014). 

 

 PNI and treatment consideration in OSCC and SGMs 

The histopathology and tumour grading must be taken into consideration when considering 

the treatment decision for OSCC and SGMS with PNI. The surgical management of PNI in 

OSCC and SGM requires careful preoperative planning with resection of the involved nerve 

to achieve clear surgical margins. Unfortunately, PNI often involves the base of the skull thus 

either preoperative or postoperative adjuvant radiotherapy (RT) is required (Amit et al., 

2016a, Chen et al., 2009, Garden et al., 1995). Furthermore, PNI was demonstrated as an 

independent factor for lymph node metastasis in patients with OSCC in many studies, 

therefore, elective neck dissection is also performed in PNI-positive OSCC to improve the 

regional recurrence and survival rate (Chatzistefanou et al., 2014, Tai et al., 2013b, Rahima 

et al., 2004, Sparano et al., 2004). Most head and neck oncologists consider  PNI represents 

an indication for adjuvant RT with surgical excision (Hinerman et al., 2004). Due to the 
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significant association of PNI with local and regional recurrence, postoperative RT is 

indicated in PNI-positive OSCC (Aivazian et al., 2015, Rahima et al., 2004, Fagan et al., 

1998) and SGMs (Garden et al., 1995). The mechanism of RT on PNI may be by inducing 

cancer cell death through reducing the GDNF that is critical to PNI pathogenesis  (Bakst et 

al., 2012). However, there is controversy regarding the effect of postoperative RT in regional 

recurrence in OSCC with PNI , with some studies validating the benefit (Chinn et al., 2013) 

and others demonstrating that postoperative RT did not reduce the incidence of locoregional 

recurrence and overall survival rate (Chatzistefanou et al., 2014, Bur et al., 2016, Liao et al., 

2008). The National Comprehensive Cancer Network (NCCN) updated the NCCN Clinical 

Practice Guidelines in head and neck oncology indicating that RT is an adjuvant therapy for 

patients with perineural, vascular and lymphatic invasion following surgical resection (da 

Silva and Kowalski, 2018). However, a systematic review of the literature was conducted 

recently to find whether local recurrence and survival are influenced by postoperative RT in 

OSCC patients with PNI and none of the included studies reported the impact of 

postoperative RT on local recurrence in those patients (Vonk et al., 2019). These findings 

confirm a previous systematic review that investigated the same and there was a lack of 

evidence to recommend adjuvant RT for patients with PNI-positive OSCC and advocate that 

adjuvant RT worsens the patient’s quality of life and surgical resection with neck dissection 

is sufficient treatment for patients with PNI in OSCC (Bur et al., 2016). The addition of 

systemic therapy such as cisplatin and cetuximab to the postoperative RT improved the 

survival rate and locoregional recurrence in patients with OSCC based on the presence of 

PNI in comparison with postoperative RT alone (Frunza et al., 2014, Bernier et al., 2004). 

However, the use of concomitant chemotherapy may offer more specificity for the 

management PNI in OSCC but remains a target for further research.  
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There are limited reports of the use of postoperative RT in PNI in SGMs. Chen et al  (2009). 

demonstrated that postoperative RT reduces skull base recurrences in SGMs patients with 

PNI. Moreover, a previous study reported the benefit of adjuvant RT on PNI-positive SGMs 

for local recurrence control (Terhaard et al., 2005). The OS and DFS were also improved in 

PNI-positive parotid gland cancer treated with adjuvant RT compared with surgery alone 

(Huyett et al., 2018, Frankenthaler et al., 1991). Recently, a retrospective study of 65 patients 

with SGMs concluded that adjuvant chemoradiotherapy controls the locoregional recurrence 

rate in SGMs with PNI (Haderlein et al., 2019). However, PNI was not an indication for  

postoperative RT in patients with carcinomas of major salivary gland in another study (Chen 

et al., 2007). Furthermore, there are few retrospective studies to support the addition of 

systemic treatment combined with radiation in SGMs. Adjuvant chemoradiotherapy is not 

considered to be  a significant therapeutic option for patients with SGMs at risk of 

locoregional in those with PNI (Sayan et al., 2016, Schoenfeld et al., 2012). The controversial 

data regarding the efficacy of adjuvant RT in PNI in OSCC and SGMs are limited by small 

sample size, retrospective design of the studies and the lack of standardised definition of PNI. 
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2 Chapter.  Hypothesis and aims 

 

 

 

 

 

 

 

 

 

 

 

 



47 
 
2.1 Introduction  

Despite the fact that the pathological description of PNI has been acknowledged over a 

century ago and that it has been known as an indicator for aggressive behaviours in OSCC 

and SGMs, there is a dearth in the understanding of the biological mechanism underlying 

PNI to explain why certain tumours exhibit PNI while others do not. The literature suggests 

a possible molecular mechanism of PNI that includes secretion of neurotrophic factors from 

tumour cells and a perineural niche in the background of cancer that stimulates the interaction 

between nerve and tumour cells via cell adhesion molecules, and other factors that promote 

cellular migration, chemotaxis and therefore invasion. Worldwide, there is a wide variation 

in the incidence of PNI in both OSCC and SGMs among the literature. However, there is no 

study that has investigated the incidence and prognostic impact of PNI in OSCC across 

Scotland. Furthermore, there is no reliable predictor for PNI in OSCC and SGMs, although, 

there is some evidence to indicate that NGF and its TrkA receptor may play a role in PNI of 

OSCC and SGMs. The possibility of these proteins as potential markers has not been 

explored sufficiently on in-vitro and ex-vivo levels in PNI-related OSCC and SGMs. 

Furthermore, the involvement of PI3K/Akt signalling pathway because of NGF binding to 

TrkA has not been linked yet to PNI in OSCC and SGMs. Therefore, the hypothesis of this 

project is based on the following concept: “PNI has been regarded as distinct process of 

tumour spread that is associated with a poorer prognosis, disease recurrence and an increased 

probability of regional and distant metastasis in OSCC and SGMs, and the upregulation of 

NGF/TrkA via PI3K/Akt pathway may contribute to PNI in OSCC and SGMs” 
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2.2 Aims and objectives: 

The aims of this thesis are presented in the following order to clarify the previous arguments: 

Aim 1: To determine the incidence of PNI and its impact on clinical outcomes in a sample 

population of OSCC and salivary gland tumour patients in Tayside, Scotland. The objectives 

of this study are to:  

a. Determine the PNI status of selected cohort of OSCC and SGMs patients form 

their pathology reports. 

b.  Evaluate the influence of PNI on the clinicopathological parameters of OSCC 

and SGMs. 

c. Assess if PNI adversely effects the outcome of patients with OSCC and SGMs 

with regards to 5-years OS, DSS and DFS. 

 

Aim 2: To evaluate of the validity of NGF and its receptor TrkA as potential markers for 

PNI-related OSCC and SGMs ex-vivo by IHC. The objectives of this study are to:  

a. Investigate the difference in expression pattern of NGF/TrkA in PNI-

positive and PNI-negative OSCC and SGMs patients’ sample.  

b. Assess the influence of NGF/TrkA expression on clinicopathological 

parameters of OSCC and SGT. 

c. Investigate whether NGF/TrkA expression could be used as biological 

markers for PNI in OSCC and SGMs. 

d. Determine the correlation between NGF/TrkA expression and prognosis in 

OSCC and SGMs and whether these markers would be used as prognostic 

predictors. 

 



49 
 
Aim 3: To explore the molecular mechanisms of NGF/TrkA and its PI3K/Akt signalling 

pathway in OSCC and SGMs and the link to PNI in-vitro. The objectives of this study are to:  

a. Investigate the effect of NGF on morphology, adhesion, proliferation and 

migration capabilities of OSCC and SGMs cell lines. 

b. Study the role of NGF-induced phosphorylated PI3K/Akt at T308 and S473 

residues on OSCC and SGMs cell lines. 

c. Confirm the involvement of PI3K/Akt pathway in cellular scattering, migration 

via the use of an Akt inhibitor. 

 

2.3 Null Hypotheses 

Null hypothesis H01: PNI in OSCC and SGMs is not associated with a poor prognosis, 

disease recurrence and an increased probability of regional and distant metastasis. 

Null hypothesis H02:  NGF and TrkA expression could not be used as biological markers 

for PNI in OSCC and SGMs in ex-vivo. 

Null hypothesis H03:  NGF/TrkA does not utilise PI3K/Akt signalling pathway in OSCC 

and SGMs and therefore has no link to PNI in-vitro.  
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3 Chapter. Descriptive Profile of Perineural Invasion in Oral Squamous Cell 

Carcinoma and Salivary Gland Malignancy Cohorts 
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3.1 Introduction  

In 1985 Batsakis defined PNI for the first time as the invasion, surrounding or passing 

through nerve of tumour cells (Batsakis, 1985). Subsequently, Liebig et al (2009), defined 

PNI as “tumour in close proximity to nerve and involving at least 33% of its circumference 

or tumour cells within any of the 3 layers of the nerve sheath”  which is considered the third 

form of tumour spread. Recently, Schmidt et al., (2018b) represented three microscopic 

characteristics of PNI: tumour cells infiltrating the nerve, at least 33% encirclement of the 

nerves by tumour cells and total encirclement of the nerve by the cancer cells. PNI is a 

common pathological finding in OSCC and SGMs (Bakst et al., 2019), this form of tumour 

dissemination to the nerves is similar to but distinct from vascular or lymphatic invasion 

(Rapidis et al., 2005), that represents one of the most difficult barriers to overcome in tumour 

eradication and management challenges to the multidisciplinary head and neck oncology 

team (Badger and Aygun, 2017, Amit et al., 2015).  

Oral squamous cell carcinoma (OSCC), the most common type of head and neck cancer has 

the highest incidence of PNI (Kurtz et al., 2005) and the overall frequency of PNI in OSCC 

has been reported in the range of 2.5% to 71% (Chapter 1.3.6). Whereas, the incidence of 

PNI in SGMs ranges from 23-96% according to the literature review (Chapter 1.3.7), with 

high incidence rates of up to 96% in AdCC which comprise approximately 7-10% of all 

SGMs (Barrett and Speight, 2009). More than 70% of PNI in AdCC was detected in parotid 

gland malignancies (Huyett et al., 2018). High rates of PNI have also been reported in SDC 

(Huyett et al., 2018, Nabili et al., 2007) and PLGA (Chong et al., 1996), whereas other SGMs 

such as ACC and MEC have lower rates of PNI (Johnston et al., 2012).  

Tongue and/or floor of the mouth are the most likely sites in the oral cavity to present with 

PNI which was detected in up to70% of OSCC (Jardim et al., 2015, Schmitd et al., 2018b), 
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whereas, cancer of the lower lip has the lower rate of PNI with 5% (Rodolico et al., 2004). 

The presence of PNI in SGMs was highly detected in parotid glands, minor salivary glands 

followed by sublingual salivary glands (Shang et al., 2007, Liu et al., 2017), submandibular 

gland has the lower rates of PNI among the SGMs (Shang et al., 2007). The most commonly 

involved nerves in PNI of head and neck cancer are the facial nerve and the maxillary and 

mandibular divisions of the trigeminal nerve (Caldemeyer et al., 1998). While PNI along the 

facial nerve occurs most commonly in  parotid gland cancer, involvement of the maxillary 

and mandibular divisions of the trigeminal nerve occurs mainly in OSCC (Amit et al., 2016a). 

PNI is known to be implicated in pain generation in many cancers such as pancreatic cancer 

(Bapat et al., 2011). However, PNI is frequently asymptomatic in head and neck cancer in 

the early stages (Nemzek et al., 1998) and the most common symptoms if presented are 

sensory changes including pain, paraesthesia, numbness and formication, whereas weakness 

of muscles of mastication or facial expression may occur in later stage with extensive PNI 

(Amit et al., 2016a, Amit et al., 2015, Johnston et al., 2012). The frequency of neurological 

symptoms in patients with AdCC varies widely including pain, headache, epistaxis, purulent 

ear drainage and a feeling of obstruction when eating (Gomez et al., 2008, da Cruz Perez et 

al., 2006). Facial nerve palsy appeared in the majority of patients with  PNI-positive parotid 

gland malignancies at the time of diagnosis (Huyett et al., 2018, Wierzbicka et al., 2012). 

PNI is widely used as an indicator of aggressive behaviour and well known as an independent 

predictor of poor prognosis in OSCC and SGMs (Bur et al., 2016, Barrett and Speight, 2009, 

Liebig et al., 2009). PNI is also associated with disease recurrence, an increased probability 

of regional and distant metastasis and a decrease in 5-year survival rate in OSCC and SGMs 

(Zhu et al., 2019, Schmitd et al., 2018b, Schmitd et al., 2018a, Chatzistefanou et al., 2017, 

Chang et al., 2015, Fagan et al., 1998).  
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The presence of PNI was significantly correlated with advanced pathological T and N tumour 

staging, nodal extracapsular spread, poor tumour differentiation, lymphovascular invasion 

and increase depth of invasion, and therefore PNI seems to be critical to prognosis in OSCC 

(Cracchiolo et al., 2018, Aivazian et al., 2015, Chinn et al., 2013). However, some reports 

suggested that  PNI is not correlated with tumour size (Tarsitano et al., 2015), increase DOI 

and high grade of invasive front (Yu et al., 2014). There are contradictory results regarding 

the prognostic implication of PNI in OSCC, some studies failed to find a significance 

difference in 5-year survival rate between positive and negative PNI OSCC and that PNI was 

not associated with increased risk of locoregional recurrence and poor OS in OSCC (Aivazian 

et al., 2015, Chinn et al., 2013), whereas, PNI predicts for worse DSS in patients with OSCC 

in several studies (Cracchiolo et al., 2018, Aivazian et al., 2015, Chen et al., 2013, Liao et 

al., 2008). This conflicting evidence about PNI as an adverse prognostic factor in OSCC is 

probably due to a lack of consistent methodology and study design, a limitation in the number 

of cases analysed and the method of detection of PNI (Binmadi and Basile, 2011).  

This controversy regarding the role of PNI as a prognostic factor exists even in SGMs due to 

the limited numbers of the institutes, small sample sizes, short follow-up period, different 

salivary gland pathologies and variable PNI reporting methods (Barrett and Speight, 2009, 

Gomez et al., 2009). According to several studies including one from Spiro et al., (1997) 

which is one of the largest published series showed that PNI was not correlated with distant 

metastases and OS rates in AdCC (Spiro et al., 1997; Amit et al., 2015; Bhayani et al., 2012), 

and in PLGA (Schwarz et al., 2011, Pogodzinski et al., 2006). Consistent with this, PNI did 

not correlate with OS, DFS, distant metastasis and locoregional recurrence in patients with 

AdCC  (Bianchi et al., 2008, Gomez et al., 2008, Sung et al., 2003, Khan et al., 2001). The 

presence of PNI is not associated with distant metastasis or survival rate, but was associated 
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with locoregional recurrence in AdCC (Dantas et al., 2015). Nevertheless, PNI is considered 

to be an indicator for poor prognosis in SGMs and known as an adverse factor in distant 

metastasis, locoregional recurrence, OS and DFS in AdCC (Pinakapani et al., 2015, Barrett 

and Speight, 2009, Chen et al., 2006, Mendenhall et al., 2004) and SDC and adenocarcinoma 

NOS (Johnston et al., 2016). Regarding the site, PNI in parotid, sublingual and 

submandibular glands malignancies was not a predictor of poorer survival and not correlated 

with locoregional recurrence and mortality at 5-years (Huyett et al., 2018, Liu et al., 2017, 

Cohen et al., 2004). In addition, other studies showed that PNI was not a predictor for clinical 

staging or pathological T-classification in AdCC of the head and neck (Amit et al., 2016; 

Luksic et al., 2014). However, PNI in parotid and submandibular gland malignancies was 

significantly associated with advanced T and N classification (Huyett et al., 2018). 

Most head and neck oncologists consider that PNI represents an indication for adjuvant RT 

with surgical excision (Hinerman et al., 2004). The management of OSCC with PNI is 

complex, histopathology and tumour grade must be taken into consideration where some 

cancers may be managed by surgery alone if surgical margins are clear, whereas some 

cancers such as AdCC and SDC have a higher risk of local and skull-base recurrences (Chen 

et al., 2009, Garden et al., 1995), and therefore  postoperative RT is used in these cases as 

standard treatment.  
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3.2 Null hypothesis, aim and objectives 

Null Hypothesis H0: PNI in OSCC and SGMs is not associated with a poorer prognosis, 

disease recurrence and an increased probability of regional and distant metastasis. 

The aim of this study was to determine the incidence of PNI and its impact on clinical 

outcomes in a sample population of OSCC and SGMs patients in Tayside, Scotland.  

The objectives of this study are to:  

a. Determine the PNI status of selected cohort of OSCC and SGMs patients. 

b.  Evaluate the influence of PNI on the clinicopathological parameters of OSCC 

and SGMs. 

c. Determine if PNI adversely effects the outcome of patients with OSCC and 

SGMs with regards to 5-years OS, DSS and DFS. 

 

3.3 Materials and Methods 

 Study design 

A retrospective review was undertaken of the histopathology reports of 474 patients with 

OSCC and SGMs who were treated over a 22-year period (1992-2014) in Tayside, Scotland 

and were followed for a minimum of 5 years or until death. 

The study was approved by the Caldicott Guardian (Appendix 3) and Tayside Medical 

Science Centre Research and Development Management Approval (TASC R & D 

Management Approval, Tayside) (Appendix 4). This study was conducted according to the 

guidelines outlined by the Research Governance Framework in Tayside, Scotland. The study 

population was derived from the pathology database in NHS Tayside, Scotland, then the 

extracted database was transferred to Tayside Health Informatics Centre (HIC) for 

anonymisation via a secure NHS transfer system (HIC Safe Haven Data User Declaration, 
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Appendix 5) in order to undertake the analysis. Inclusion criteria was a diagnosis of any 

patients with primary OSCC and SGMs in Tayside, Scotland. Subjects were excluded if they 

were under 18 years of age, had histological findings other than OSCC, any patients 

diagnosed with oropharyngeal SCC, had a recurrent OSCC or SGMs, or had head and neck 

metastatic tumours from other sites in the body.  

 Study Variables 

Epidemiological, clinical, histopathological, treatment, and follow‐up data were obtained 

from patient medical records. The data were collected and processed by building a database 

of information about the patient (age, gender, smoking and alcohol history), tumour (location, 

diagnosis, clinical presentation, treatment modalities, presence of recurrence and survival 

status) and histopathological diagnostic findings (histological type, degree of differentiation, 

invasive front, diameter (pT), nodal status (pN), p-DOI of 4 mm or above, lymphovascular 

invasion, perineural invasion and bone invasion) according to the Royal College of 

Pathologists Dataset for histopathology reporting of mucosal malignancies of the oral cavity 

and salivary gland neoplasms (The Royal College of Pathologists, November, 2013a). 

Pathological TNM (pTNM) staging was determined in accordance with the International 

Union Against Cancer Criteria, 7th edition (UICC, 2002) (Edge and Compton, 2010). 

 Statistical analysis  

Data was analysed using SPSS package (IBM statistics version 22). Data related to 

categorical variables was described in terms of numbers of patients with percentage and as a 

mean with standard deviation (±) for continues variables. Descriptive statistics were 

computed for each variable according to PNI status with a 95% confidence interval (CI).  The 

correlation between PNI and clinical/histopathological characteristics of OSCC and SGMs 

patients was analysed by Pearson chi-square test to determine whether there is a significant 
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association between the two variables or Fisher exact test when the expected values were less 

than 5. Five-year OS, DSS, and DFS were calculated using the Kaplan-Meier method, and 

the difference in survival rate was assessed by log-rank test. OS was measured from the date 

of diagnosis to the date of death or last follow-up in months, DSS was calculated from the 

date of diagnosis to the date of death as a result of OSCC and SGMs or censored at the last 

follow-up, DFS was defined as the time from diagnosis to the first occurrence of recurrence 

of OSCC or SGMs (Amit et al., 2015). p-value of less than 0.05 was considered statistically 

significant. 

 

3.4 Results 

 OSCC cohort population 

3.4.1.1 Demographical and clinical characteristic of OSCC patients 

Of the 474 pathology reports reviewed, 430 patients were diagnosed with OSCC in Tayside, 

Scotland from 1992 to 2014 with 242 male patients and 188 female patients. More than 50% 

of the patient population were smokers at the time of the diagnosis, while the majority (82%) 

had an alcohol history. The age ranged from 29 to 105 years with a mean age of 72.5±12.2.  

The mean follow-up period was 38±23 months ranging from 1-60 months. The tongue was 

the most common site for OSCC (39%) followed by floor of the mouth (22.1%), buccal 

mucosa (9%) lower lip (8%) and retromolar trigone (5%). Surgery with or without adjuvant 

therapy was the primary treatment for the majority of patients with OSCC. A summary of 

relevant demographical and clinical factors in OSCC according to the presence and absence 

of PNI is shown in Table 10.  
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Table 10 Demographical and clinical characteristics of OSCC cohort according to the 

presence and absence of PNI.  

Variables 
Patients without PNI, 

No=355 (82.6%) 

Patients with PNI, 

No=75 (17.4%) 

Gender 

 Male 

 Female  

 

202 (65.9) 

153 (43.1) 

 

40 (53.3) 

35 (46.7) 

Age (year) 

Mean ± (Range) 

 

73.3±12.1 (34-105) 

 

68.8±12 (29-95) 

Smoking 

Yes  

No 

Ex-smoker 

Data missing 

 

105 (29.6) 

36 (10.1) 

31 (8.7) 

183 (51.5) 

 

23 (30.7) 

15 (20) 

8 (10.7) 

29 (38.7) 

Alcohol 

Yes 

No 

Data missing  

 

97 (27.3) 

21 (5.9) 

237 (66.8) 

 

32 (42.7) 

6 (8) 

37 (49.3) 

Site 

Tongue 

Floor of the mouth 

Tongue & floor of the mouth 

Retromolar trigone 

Alveolus 

Buccal mucosa 

Lower lip 

Hard palate      

 

133 (37.5) 

79 (22.4) 

12 (3.4) 

21 (5.9) 

24 (6.8) 

41 (11.6) 

40 (11.3) 

5 (1.4) 

 

35 (46.7) 

16 (21.3) 

5 (6.7) 

5 (6.7) 

5 (6.7) 

3 (4) 

3 (4) 

3 (4) 

Treatment  

Surgery 

Surgery + radiotherapy with/without chemotherapy  

No surgery (Chemoradiotherapy) 

 

220 (62) 

15 (4.2) 

120 (33.8) 

 

57 (76) 

7 (9.3) 

11 (14.7) 
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3.4.1.2 Correlation between PNI and clinicopathological parameters in OSCC cohort 

PNI was seen in 75/430 (17.4%) of patients with OSCC. Thirty-five patients (46%) presented 

with a history of pain at the time of diagnosis in the PNI-positive group compared to 43(12%) 

patients with PNI-negative OSCC (p<0.05).  In the PNI-positive group (n=75), a significant 

proportion of patients (24%) had an advanced pathological T stage (T4), nodal involvement  

(N2) (21%), extracapsular extension of nodal metastasis (26%), increased DOI (>4mm) 

(61%), discohesive invasive front (50%), poor tumour differentiation (38%) and 

lymphovascular invasion (34%). When compared to patients without PNI, these results are 

highly significant, with p<0.05. The majority of the patients with PNI had stage IV disease 

(33%) (UICC staging) in comparison with patients without PNI the majority of whom 

presented with stage I at the time of the diagnosis (27%) (p<0.05). There was not a significant 

difference in bone invasion and the local recurrence rate between patients with and without 

PNI OSCC (p>0.05). At the time of the analysis, 56 of 75 patients with PNI were deceased 

(74%) in comparison with 247 of 355 patients without PNI (69%), and out of 56 patients with 

PNI, 19 patients (34%) were reported dead due to OSCC. Descriptive statistics of the 

clinicopathological characteristics in OSCC according to the presence and absence of PNI is 

outlined in Table 11.  
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Table 11 Descriptive statistics of the clinicopathological factors in the OSCC cohort 

according to the presence or absence of PNI.  

Variables 
Patients without PNI, 

No=355(82.6%) 

Patients with PNI, 

No=75(17.4%) 

p-value 

 

p- T stage 

T1 

T2 

T3 

T4 

Data missing 

 

109(30.7) 

72(20.3) 

19(5.4) 

26(7.3) 

129(36.3) 

 

21(28) 

23(30.7) 

1(1.3) 

18(24) 

12(16) 

 

 

 

0.001* 

p-N stage  

N0 

N1 

N2 

N3 

Data missing 

 

181(51) 

14(3.9) 

30(8.5) 

0 

130(36.6) 

 

38(50.7) 

9(12) 

16(21.3) 

0 

12(16) 

 

 

 

0.004* 

p-Extracapsular extension  

Yes 

No 

 

33(9.3) 

322(90.7) 

 

20(26.7) 

55(73.3) 

 

0.0001* 

p-DOI (mm) 

<4mm 

>4mm 

Data missing 

 

89 (25.1) 

112(31.5) 

154(43.3) 

 

10(13.3) 

46(61.3) 

19(25.3) 

 

0.0001* 

p-Histological grade 

Well 

Moderate 

Poor 

Data missing 

 

57(16.1) 

207(58.3) 

82(23.1) 

9(2.5) 

 

3(4) 

38(50.7) 

29(38.7) 

5(6.7) 

 

 

0.001* 

p-Invasive front  

Cohesive  

Discohesive 

Data missing 

 

101(28.5) 

78(22) 

176 (49.6) 

 

18 (24) 

38 (50.7) 

19 (25.3) 

 

 

0.002* 

p-Lymphovascular invasion 

Yes 

No 

 

34(9.6) 

32 (90.4) 

 

26(34.7) 

49(65.3) 

 

0.0001* 

p-Bone invasion 

Yes 

No 

 

22(6.2) 

333(93.8) 

 

8(10.7) 

67 (89.3) 

 

0.1 

NS 
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* Significant value. NS not significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TNM staging  

I 

II 

III 

IV 

Data missing 

 

99(27.9) 

50(14.1) 

32(9) 

44(12.4) 

130(36.6) 

 

16(21.3) 

18(24) 

4(5.3) 

25(33.3) 

12(16) 

 

  

0.001* 

Pain 

Yes 

No 

 

43(12.1) 

312(87.9) 

 

35(46.7) 

40(53.3) 

 

0.0001* 

Local recurrence 

Yes 

No 

 

86(24.2) 

269(75.8) 

 

16(21.3) 

59(78.7) 

 

0.5 

NS 

Survival status  

Alive  

Deceased  

Deceased from OSCC 

 

108(30.4) 

247(69.6) 

38(15) 

 

19(25.3) 

56(74.7) 

19(34) 

 

0.2 

NS 
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3.4.1.3 Relationship between PNI status and survival status in OSCC cohort   

Kaplan-Meier survival analysis was used to find out whether there was a relationship between 

PNI and patients OS, DFS and DSS. The results suggested that the presence of PNI was 

associated with poor DSS in OSCC (p<0.05). The trend for OS and DFS was similar but not 

significant (p>0.05) (Figure 5).  
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Figure 5 Kaplan-Meier survival analysis for OSCC. PNI-positive OSCC represented by red line 

was associated with poor overall survival (A), disease-specific survival (B) and disease-free 

survival (C) compared to those without PNI (represented by green line) (p = Log-Rank test). 
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 SGMs cohort population 

3.4.2.1 Demographical and clinical characteristic of SGM patients  

Of the 474 pathology reports reviewed, only 44 patients were diagnosed with SGMs in 

Tayside, Scotland from 1992 to 2014, including 25 males and 19 females. Their ages ranged 

from 27 to 93 years with a mean age of 67.9±16.8.  The mean follow-up period was 45±21 

months and ranged from 1-60 months. The most commonly affected salivary glands were; 

parotid glands (25 patients, 56%), minor salivary glands (12 patients, 27%) and 

submandibular glands (7 patients 16%). Surgery with or without adjuvant therapy was the 

primary treatment for most patients with SGMs. A summary of relevant demographical and 

clinical factors in SGMs according to the presence and absence of PNI is shown in Table 12. 

 

Variables 
Patients without PNI, 

No=28(63.6%) 

Patients with PNI, 

No=16(36.4%) 

Gender 

Male 

Female  

 

17(60.7) 

11(39.3) 

 

8(50) 

8(50) 

Age (years) 

Mean±(Range) 

 

67 ±16.5(27-93) 

 

69±17.7(27-89) 

Site 

Parotid gland  

Submandibular gland 

Minor salivary glands  

 

17(60.7) 

3(10.7) 

8(28.6) 

 

8(50) 

4(25) 

4(25) 

Treatment  

Surgery 

Surgery + radiotherapy with/without chemotherapy 

No surgery (Chemoradiotherapy) 

 

20(71.4) 

7(25) 

1(3.6) 

 

8(50) 

7(43.8) 

1(6.3) 

Follow-up (months) 

Mean±(Range)  

 

50±19(5-60) 

 

38 ± 23(1-60) 

 

Table 12 Demographical and clinical characteristics of the SGMs cohort according to the 

presence or absence of PNI 
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3.4.2.2 Correlation between PNI and clinicopathological parameters in SGMs cohort 

From a total of 44 patients analysed, PNI was identified in 16 (36.4%) of patients with SGMs. 

The incidence of PNI for the cases of AdCC accounted for 31.7% of SGMs with PNI with 

only 7.1% without PNI.  Six patients out of 44 presented with facial nerve weakness. Of 

these, 5 were found to have pathological evidence of PNI (84%) compared to 3% of patients 

found to be PNI-negative when facial nerve weakness was present (p<0.05). The presence of 

PNI was significantly associated with lymphovascular invasion in SGMs (p<0.05) as over 

40% of the patients with PNI have lymphovascular invasion compared with 7% without PNI, 

the percentage of PNI-positive SGMs patients with advanced pathological T and N stage was 

25% and 18% respectively compared with 3% and 7% in PNI-negative SGMs  patients 

(p>0.05). There was not a significant difference in pathological TNM staging, extrascapular 

extension of nodal metastasis and local recurrence rate between patients with and without 

PNI SGMs (p>0.05). Over the period of the follow-up, 12 of 16 patients with PNI were 

deceased (75%) in comparison with 12 of 28 patients without PNI (42%) (p<0.05). Out of 12 

patients with PNI, 7 patients’ (58%) death were attributed to SGMs (58%) and 5 patients 

(42%) to other causes of death. Descriptive statistics of the clinicopathological factors in 

SGMs according to the presence and absence of PNI is outlined in Table 13.  
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Variables 
Patients without PNI, 

No=28(63.6%) 

Patients with PNI, 

No=16 36.4%) 
p-value 

 

Histological type 

Adenoid Cystic carcinoma 

Acinic Cell Carcinoma 

Adenocarcinoma (NOS) 

Carcinoma ex-pleomorphic adenoma 

Mucoepidermoid  

Polymorphous low-grade adenocarcinoma 

Others 

 

2(7.1) 

8(28.6) 

6(21.4) 

5(17.9) 

3(9.3) 

2(7.1) 

2(7.1) 

 

5(31.3) 

1(6.3) 

4(25) 

2(12.5) 

0 

0 

4(6.2) 

 

 

 

0.1 

NS 

p- T stage 

T1 

T2 

T3 

T4 

 

11(39.3) 

9(32.1) 

7(25) 

1(3.6) 

 

3(18.8) 

6(37.5) 

3(18.8) 

4(25) 

 

0.1 

NS 

p-N stage 

N0 

N1 

N2 

N3 

 

26(92.9) 

0 

2(7.1) 

0 

 

13(81.3) 

0 

3(18.8) 

0 

 

 

0.3 

NS 

p-Extracapsular extension  

Yes 

No 

 

3(10.7) 

25(89.3) 

 

3(18.8) 

13(81.3) 

 

0.6 

NS 

TNM staging  

I 

II 

III 

IV 

 

11(39.3) 

6(21.4) 

8(28.6) 

3(10.7) 

 

4(25) 

4(25) 

1(6.3) 

7(43.8) 

 

 

0.05 

NS 

p-Lymphovascular invasion 

Yes 

No 

 

2(7.1) 

26(92.9) 

 

7(43.8) 

9(56.3) 

 

0.007* 

Facial nerve weakness 

Yes 

No 

 

 
 

 

1(3.6) 

27(96.4) 

 

5(31.3) 

11(68.8) 

 

0.01* 

Table 13 Descriptive statistics of the clinicopathological factors in SGMs cohort according 

to the presence and absence of PNI. 
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Local recurrence 

Yes 

No 

 

7(25) 

21(75) 

 

5(31.3) 

11(68.8) 

 

0.6 

NS 

Survival status  

Alive  

Deceased  

Deceased from SGMs 

 

16(57.1) 

12(42.9) 

5(42) 

 

4(25) 

12(75) 

7(58) 

 

 

0.03* 

 

* Significant value. NS not significant.  

 

3.4.2.3 Relationship between PNI status and survival status in SGMs cohort   

Kaplan-Meier curves for SGMs revealed that patients with PNI had a worse OS, DSS and 

DFS rates compared to those without PNI (p<0.05) (Figure 6). 
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Figure 6 Kaplan-Meier survival analysis for SGMs. PNI-positive SGMs represented by red line was 

associated with poor overall survival (A), disease-specific survival (B) and disease-free survival (C) 

compared to those without PNI (represented by green line) (p = Log-Rank test). 
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3.5 Discussion 

The prognosis of head and neck cancer is affected by many clinicopathological factors and 

PNI is one of the factors known as an independent predictor of poor prognosis and indicative 

of the need for adjuvant therapy in OSCC and SGMs (Bur et al., 2016, Dantas et al., 2015, 

Frunza et al., 2014, Barrett and Speight, 2009, Liebig et al., 2009).  

Various studies report the overall frequency of PNI in OSCC and SGMs in the range of 2.5% 

to 71% and 23-96% respectively (Schmitd et al., 2018b, Durr et al., 2013a, Barrett and 

Speight, 2009, Fagan et al., 1998, Soo et al., 1986, Carter et al., 1983). Our study shows that 

the presence of PNI was found in 17% of OSCC and in 36% of SGMs. Regarding the 

anatomical site of the primary tumour, PNI rate for tongue and/or floor of the mouth of up to 

70% was detected in OSCC (Schmitd et al., 2018b, Jardim et al., 2015) and only 5.2% in 

cancer of the lower lip (Rodolico et al., 2004). The presence of PNI in SGMs was highly 

detected in the parotid gland, whereas the submandibular gland had the lowest rates of PNI 

among the SGMs (Shang et al., 2007). Similar findings were reported in our study, a high 

incidence of PNI was found in tongue and parotid glands, whereas lower lip and 

submandibular gland tumours had a lower rate of PNI among patients with OSCC and SGMs. 

The highest incidence of PNI in SGMs was in patients with AdCC, this is in agreement with 

many studies which found that AdCC was the most common histologic type of SGMs with 

a high incidence of PNI (Huyett et al., 2018, Amit et al., 2015, Barrett and Speight, 2009) 

The clinical and histological features of PNI have been studied extensively in different kinds 

of cancer and it is well known that PNI is often clinically silent (Nemzek et al., 1998). 

However, in this study PNI is notably accompanied by pain in the majority of OSCC patients 

and PNI contributed significantly to facial nerve weakness in patients with SGMs at the time 

of the diagnosis as facial nerve palsy presented in 80% of patients with PNI-positive parotid 
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gland cancer. Similar to our results, Amit et al., (2016a) and Huyett et al., (2018) 

demonstrated that pain and facial nerve palsy were found in the majority of patients with 

PNI-positive OSCC and SGMs at the time of presentation. Some studies have shown that 

infiltration of the perineural space of the nerves by tumour cells is related to the tumour site, 

size of the tumour, depth and pattern of invasion, the degree of tumour differentiation, 

advanced tumour front, presence of nodal metastasis and presence of extracapsular extension 

in OSCC (Aivazian et al., 2015, Shen et al., 2014a, Lanzer et al., 2014, Miller et al., 2012, 

Rahima et al., 2004). Our study demonstrated a significant correlation between the presence 

of PNI and these histological features in OSCC and the results of this study show that the 

occurrence of PNI is significantly associated with advanced pathological T and N stage, 

extracapsular spread, infiltrative pattern of invasive front, poor tumour differentiation, 

lymphovascular invasion and increased depth of invasion. According to the literature, SGMs 

with PNI were significantly associated with advanced T classification, lymph node 

involvement and lymphovascular invasion (Huyett et al., 2018). This contrasts with our 

analysis of SGMs patients’ histopathology data which shows the presence of PNI is not 

correlated with advanced pathological T and N staging, but the PNI is significantly associated 

with lymphovascular invasion. Similar to our results, Amit et al., (2015) did not find a 

significant difference between pathological variables such as tumour grading including T and 

N classification of patients with and without PNI. 

The evaluation of the impact of PNI on patient’s survival has led to controversial results. 

Some studies found a significant relationship between PNI and 5-year survival rate in OSCC 

(Yang et al., 2018, Lanzer et al., 2014, Chen et al., 2013, Rogers et al., 2009, Brandwein-

Gensler et al., 2005, Rodolico et al., 2004, Rahima et al., 2004, Fagan et al., 1998, Soo et al., 

1986). In the current study, PNI was significantly associated with only 5-year DSS, but not 
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OS and DFS in the OSCC cohort. These results are in agreement with other studies that 

investigated the effect of PNI on patient survival and did not observe any significant 

correlation between PNI and survival in OSCC (Aivazian et al., 2015, Chen et al., 2013, Liao 

et al., 2008).  These conflicting reports regarding the association of PNI with OS, DSS and 

DFS in OSCC in this study are probably due to some limitations, including the retrospective 

study design and the small number of patients in the PNI-positive group of OSCC where the 

distribution of parameters between the PNI-positive and PNI-negative group was not equal 

in number in regard to survival status. This controversy regarding the role of PNI as a 

prognostic factor exists even in SGMs, where the PNI was not a predictor of poorer survival 

(Huyett et al., 2018, Liu et al., 2017, Amit et al., 2015, Dantas et al., 2015, Schwarz et al., 

2011, Pogodzinski et al., 2006, Spiro, 1997). Interestingly, this study found that PNI was 

strongly associated with 5-year OS, DSS and DFS in patients with SGMs despite the small 

sample size and different salivary gland pathologies. This is consistent with previous reports 

indicating that PNI was significantly associated with poorer survival suggesting that PNI is 

of prognostic significance in SGMs (Johnston et al., 2016, Amit et al., 2016a, Dantas et al., 

2015, Barrett and Speight, 2009, Chen et al., 2009, Gomez et al., 2008, Rapidis et al., 2005, 

Garden et al., 1995). 

In conclusion, PNI was identified in 17.4% of OSCC and 36.4% of SGMs. Pain and facial 

nerve weakness at the time of presentation was found to be predictive for PNI in OSCC and 

SGMs respectively. With respect to PNI in OSCC there are multiple factors that are strongly 

associated such as primary site, T and N staging, presence of extracapsular extension, depth 

and pattern of invasion, the degree of tumour differentiation and lymphovascular invasion, 

while SGMs with PNI exhibited a greater potential for lymphovascular involvement. PNI is 
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an independent predictor of poor prognosis in patients with OSCC and SGMs and therefore 

PNI can be used as an in indicator of aggressive behaviour in OSCC and SGMs. 
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4 Chapter.  Expression of Nerve Growth Factor and its Receptor Tyrosine Kinase 

Receptor A and Correlation with Perineural Invasion in Oral Squamous Cell 

Carcinoma and Salivary Gland Malignancies 
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4.1 Introduction 

The pathological description and clinical significant of PNI in head and neck cancer has been 

identified for more than 150 years (Bakst and Wong, 2016) (Chapter 3.1). However, the 

biological mechanism underlying its pathogenesis is still poorly understood and therefore 

lacking in a specific treatment targeting this pathologic entity. Previous theories suggested 

that PNI was an extension of lymphatic spread, which was disproven with studies which 

demonstrated that lymphatic channels do not penetrate the outermost layer of the nerve sheath 

known as the epineurium (Liebig et al., 2009, Larson et al., 1966). Whereas the predominate 

theory was that tumour cells spread along nerves due to the low resistance of perineurium, 

the layer underlying the epineurium (Akert et al., 1976). However, an electron microscope  

scan of nerves demonstrated that the perineurium is relatively tightly bound down with 

several layers of collagen and a basement membrane, which makes the perineurium a highly 

resistant path which act as a selective barrier separating the nerves from the surrounding 

tissues (Binmadi and Basile, 2011). Recent studies proposed the nature of PNI as reciprocal 

signalling interactions between the cancer cells and nerves. The tumour cells have the 

capacity to respond to these signals within the peripheral nerve, probably due to a continuous 

multistep process with several contributing factors and their respective receptors, that induce 

an interaction between tumour cells, nerve cells and the microenvironment, and which 

promote PNI (Johnston et al., 2012, Binmadi and Basile, 2011, Gil et al., 2009, Liebig et al., 

2009, Ayala et al., 2001). Neurotrophic factors are a family of proteins that regulate the 

growth and development of peripheral and central nervous system nerves, these factors 

comprise NGF, BDNF, NT-3, NT-4, NCAM, chemokines and other factors  (Brown, 2016, 

Liebig et al., 2009). These factors have been identified as being of possible importance in 

PNI in many malignancies (Bakst and Wong, 2016). 
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NGF and/or its high affinity TrkA receptor have been associated with PNI in several cancers 

including breast (Lagadec et al., 2009, Descamps et al., 2001, Geldof et al., 1998), prostate 

(Geldof et al., 1998), lung (Ricci et al., 2001, Gao et al., 2018) and oesophageal cancers 

(Tsunoda et al., 2006). An increased expression of NGF and TrkA have been reported in 

pancreatic cancer cells and the surrounding nerves in which PNI is observed (Ma et al., 2008, 

Dang et al., 2006, Zhu et al., 1999). Furthermore, a study highlighted the increased risk of 

PNI when NGF and TrkA are overexpressed in tumour cells in patients with cutaneous 

squamous cell carcinoma (Frydenlund et al., 2015). Recently, an in-vitro study confirmed 

that NGF can stimulate OSCC and SGMs cell migration and therefore potentially enhance 

PNI (Alkhadar et al., 2019). These findings are supported by a study confirming the 

upregulation of NGF and TrkA in HNSCC however linkage between NGF/TrkA and PNI  

was not investigated (Dudas et al., 2018). In addition to the involvement of NGF and TrkA 

in cancer cell growth and therefore PNI, NGF and its receptor TrkA are involved either 

directly or indirectly in cancer pain through several mechanism (Wang et al., 2014, Zhu et 

al., 1999).   

There are limited ex-vivo studies investigating the expression of NGF and/or its receptor 

TrkA and the correlation between these and PNI in patients with OSCC and SGMs. In OSCC, 

an immunohistochemical study was performed on 42 specimens of tongue cancers and strong 

cytoplasmic staining of NGF and TrkA was detected in 21 specimens which were PNI 

positive compared to a weak staining in PNI negative cancers. This study showed a 

statistically significant correlation of NGF and TrkA expression in OSCC with evidence of 

PNI and a positive correlation was also found between NGF and TrkA immunoreactivity in 

the samples (Kolokythas et al., 2010). Another study confirmed that NGF is expressed at a 

higher level in 14 tissue biopsies of OSCC with a strong NGF immunoreactivity whereas the 
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normal epithelium from the same patients showed low NGF staining (Ye et al., 2011). In 

addition to this, real-time PCR (RT-PCR) quantification of NGF mRNA in those OSCC 

biopsies shows a large increase over normal tissues.  A study later by Yu et al., (2014) 

investigated the expression of NGF and TrkA by IHC analysis in 46 tissues samples from 

patients with OSCC with no previous treatment. An increase of NGF immunoreactivity from 

normal epithelial cells to cancer cells in the same specimens was seen which was significantly 

higher in PNI positive tumours. However, TrkA expression was scattered and heterogeneous 

in both normal oral and cancer cells. Shen et al., (2014a) assessed the NGF expression and 

PNI in 116 OSCC specimens and reported that PNI positive OSCC has a significantly higher 

NGF expression than the PNI-negative OSCC. In addition, overexpression of NGF is 

significantly related to clinicopathological parameters of OSCC such as lymph node 

metastasis (Yu et al., 2014, Shen et al., 2014a), large tumour size, advanced clinical stage 

and increased DOI (Shen et al., 2014a). However, TrkA immunoreactivity was not associated 

with any clinicopathological factors (Yu et al., 2014). Moreover, patients with cancers with 

higher NGF expression levels had a significantly worse overall survival than those with low 

NGF expression level (Shen et al., 2014a). However, NGF expression was unable to predict 

DFS in patients with OSCC (Yu et al., 2014).  

Regarding the SGMs, there are few published studies about the role of NGF and/or TrkA 

with PNI. The expression of NGF and its receptor TrkA were detected in 88% and 85% 

respectively by IHC  in 42 AdCC which may be the cause of PNI (Zhu et al., 2003). Wang 

et al., (2006) investigated the expression of NGF and TrkA in 32 AdCC by 

immunohistochemistry and the relationship between NGF/TrkA expression and PNI and  a 

strong NGF and TrkA immunoreactivity was present in the 68% and 76% in PNI positive 

cancers compared to 30% and 23% in PNI negative cancers respectively.  In addition, a 
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significant difference was found between NGF/TrkA expression levels and PNI (Wang et al., 

2006). Another study explored the association between NGF expression and prognosis in 63 

AdCC and a strong staining rate was seen in 82% in the AdCC PNI positive group compared 

to only 39% in the PNI negative AdCC. The staining intensity was significantly higher in 

advanced stage cancer and those with recurrence, than in early stage and recurrence-free 

group of AdCC. Moreover, patients with high expression of NGF had a poorer survival rate 

(Hao et al., 2010). SDC and AdCC are characterised by overexpression and activation of 

TrkA by means of immunoprecipitation, western blot and RT-PCR experiments on  SGMs 

(Negri et al., 2008). However, high TrkA expression was not significantly correlated with 

any clinicopathological factors including PNI and was not related to overall survival in 

patients with SDC (Ryu et al., 2018). Recently, IHC analysis was performed to evaluate the 

expression of the pan-Trk (TrkA, TrkB and TrkC) on 86 tissue sections from patients with 

different histological types of SGMs. Pan-Trk staining was detected predominately in the 

membrane and cytoplasm of PAC (formerly PLGA), secretory carcinoma and low-grade 

MEC cells , whereas ACC was entirely negative for pan-Trk (Hung et al., 2019).  
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4.2 Null hypothesis, aim and objectives 

 

Null hypothesis H0:  NGF and TrkA expression could not be used as biological markers for 

PNI in OSCC and SGMs ex-vivo. 

 

Aim: To evaluate the validity of NGF and its receptor TrkA as potential markers for PNI-

related OSCC and SGMs ex-vivo by immunohistochemical analysis. The objectives of this 

study are to:  

a. Investigate the difference in expression pattern of NGF/TrkA in PNI-

positive and PNI-negative OSCC and SGMs patients’ samples.  

b. Assess the influence of NGF/TrkA expression on clinicopathological 

parameters of OSCC and SGMs. 

c. Investigate whether NGF/TrkA expression could be used as biological 

markers for PNI in OSCC and SGMs. 

d. Determine the correlation between NGF/TrkA expression and prognosis in 

OSCC and SGMs and whether these markers would be used as prognostic 

predictors 
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4.3 Specimens, Materials and Methods  

 Specimens 

Archival OSCC and SGMs specimens were utilised from 474 patients diagnosed with OSCC 

or SGMs. The cases with evidence of PNI as per the histopathology report were selected as 

the study group, whilst the control group comprised the remaining patients with OSCC or 

SGMs and no histopathological evidence of PNI. The patients in the study and control groups 

were treated from 1992 to 2014 in Tayside, Scotland. The tissue samples from only patients 

who had consented to the use of their tissue for research purposes were selected for 

immunohistochemical (IHC) analysis. Those who had received pre-operative radiotherapy or 

chemotherapy were excluded from the IHC study.   

In order to ensure an equivalent number of specimens in each group, a systematic sampling 

method was used to randomly select the samples from the control group (Stewart, 2018). The 

procedure is as follows: 

1. The sampling frame (SF) is 322 OSCC patients and 27 SGMs patients 

2. Sample size (SZ) is 72 and 15 for OSCC and SGMs respectively 

3. Number 1 in both cohorts of OSCC and SGMs patients was selected as a starting 

point 

4. Sampling interval (SI) = SF/SZ. SI OSCC=322/72=4.4, SI SGMs=27/15=1.8.  

5. Every 4th OSCC and 2nd SGMs patient thereafter will be selected.  

In total, 146 of formalin fixed paraffin embedded (FFPE) tissue blocks of OSCC and SGMs 

were requested from Tayside Tissue Bank (TTB) following an approval by the Tissue Bank 

Committee (Re: TR000388) (Appendix 6). Based on the availability of tissue blocks in TTB, 

132 FFPE blocks of OSCC and 14 FFPE blocks of SGMs were provided.  Figure 7 is a 

detailed schematic representation of the patient selection process for the IHC study.
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Figure 7 Schematic representation of the patient selection process for IHC. An existing database of OSCC and SGMs from 1992 to 2014 in 

Tayside, Scotland (OSCC=430, SGMs=44) was screened. Both cohorts were filtered to exclude any patient who had received pre-operative 

radiotherapy or chemotherapy (OSCC=36, SGMs=2). SSM was used to select an equivalent number of specimens in the PNI-negative (Control 

group) (OSCC=144, SGMs=30), Based on the availability of tissue blocks, the final study samples contained 61=PNI-positive OSCC, 71=PNI-

negative OSCC and 7=PNI-positive SGMs, 7=PNI-negative SGMs FFPE blocks. 
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 Materials  

The materials used in this study are summarised in Table 14. 

Name Source Catalogue number 

Automated microtome  Microm UK Ltd HM 320 

Microtome blades  Fisher Scientific UK Ltd 12056679 

Polysine microscope slides  VWR BDH, PA, USA 631-0107 

Microscope 

 

Leica Microscopy Systems Ltd  (020-519.502) 

Digital camera Leica Microscopy Systems Ltd   DC100 

 

Xylene VWR BDH, PA, USA 28975.325 

Ethanol VWR BDH, PA, USA 20827.365 

Tri-sodium Citrate (dehydrate) Sigma-Aldrich, St. Louis, MO, 

USA 

S4641 

Tween-20 Sigma-Aldrich, St. Louis, MO, 

USA 

P1379 

Hydrogen peroxide Sigma-Aldrich, St. Louis, MO, 

USA 

H1009 

Phosphate-buffered Saline (PBS) Sigma-Aldrich, St. Louis, MO, 

USA 

P-4417 

Immunopen Dako, Cambridgeshire, UK S200230-2 

Orbital shaker Stuart Scientific, Staffordshire, 

UK 

- 

Water bath Grant Instrument, Cambridge, 

UK 

- 

Mayer’s Haematoxylin  Sigma-Aldrich, St. Louis, MO, 

USA 

SLBV5195 

Shandon Bluing agent Thermo Scientific, Waltham, 

MA, USA 

6769001 

Shandon Eosin  Thermo Scientific, Waltham, 

MA, USA 

6766010 

DAB Sigma-Aldrich, St. Louis, MO, 

USA 

D5637 

DPX mounting media  VWR BDH, PA, USA 360294H 

Table 14 Details of the materials 
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Normal goat serum (NGS) Vector laboratories, Burlingame, 

CA, USA 

S1000 

Vectastain ABC  Vector laboratories  PK-6100 

NGF (E-12) mouse monoclonal 

antibody  

Santa Cruz Biotechnology  Sc-365944 

Trk (B-3) mouse monoclonal 

antibody 

Santa Cruz Biotechnology Sc-7268 

Blocking peptide for #365944 Santa Cruz Biotechnology Sc-365944 P 

Blocking peptide for #7268 Santa Cruz Biotechnology Sc-7268 P 

Biotinylated anti mouse IgG 

secondary antibody  

Vector laboratories BA-9200 

 

 Methods 

4.3.3.1 Tissue sectioning and preparation of slides 

Sectioning of the FFPE tissue blocks for IHC study was undertaken by Mrs. Jacquline Cox 

and Mrs. Valerie Wilson from Dundee Dental School. Sections of 5µm thickness were cut, 

using a microtome, then mounted onto Polysine slides. This was followed by heating the 

slides at 60ºC for 20 minutes in an oven to remove excess paraffin and prevent the section 

floating off during processing. All slides were labelled in pencil with antibody/dilution and 

stored at room temperature. Haematoxylin and eosin (H&E) staining of all sections was 

performed and the sections were examined by the main investigator for confirmation of 

diagnosis of either OSCC or SGMs and other histopathological features including evidence 

of PNI. Various pattern of PNI were observed in OSCC (Figure 8) and SGMs (Figure 9). 
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Figure 8 Haematoxylin and eosin stained sections of various pattern of PNI in OSCC.  A. and B 

Incomplete encirclement of tumour around the nerve (x40 magnification), C and D. Complete 

encirclement of tumour around the nerve (x100 magnification). E and F. Cancer cells within and 

around the nerve (Intraneural invasion) (x100 magnification & x200 magnification). N indicates the 

nerve; black arrows point to tumour. 
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Figure 9 Photomicrograph showing PNI in SGMs. A and B. Adenoid cystic carcinoma with PNI. C 

and D. Carcinoma ex-Pleomorphic Adenoma with PNI. Black arrows indicate tumours, N indicates 

a nerve (H&E stain, A and C x40 magnification. B and D x100 magnification).   

 

One hundred and thirty-two OSCC and 14 SGMs samples were probed with NGF mouse 

monoclonal antibody specific for an epitope mapping between amino acids 122-149 at the 

N-terminus of mature NGF of human origin (#365944) and Trk mouse monoclonal antibody 

specific for an epitope mapping between amino acids 777-796 at the C-terminus of TrkA 

gp140 of human origin (7268) according to the manufacturer’s instruction (Santa Cruz 

biotechnology, Inc, Dallas, Texas, USA). In brief, the paraffin-embedded tissues sections 

were deparaffinised in xylene twice for 5 minutes, rehydrated in serial ethanol solutions of 

100%, 90% and 70% for 2 minutes each and then washed in distilled water for 5 minutes. 
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After deparaffinisation and rehydration, antigens were unmasked by heating the sections in 

10mM sodium citrate buffer at 95ºC (pH 6.0) using a water bath, the sections were allowed 

to cool in the buffer for 20 minutes before washing in deionised H2O three times for 2 minutes 

each. The sections were incubated in 1% H2O2 in deionised H2O 5 minutes to block 

endogenous peroxidase activity, followed by washing twice in PBS for 5 minutes each. 

Immunoperoxidase staining was performed using the ABC staining protocol. Briefly, the 

sections were ringed with Immunopen and the non-specific binding sites on the tissue section 

were blocked with 5% normal goat serum (NGS) in PBS for 1 hour at room temperature. 

This was followed by incubation with primary antibodies against NGF (1:50) and TrkA 

(1:50) diluted in 5% NGS/PBS in a humidified chamber overnight at 4ºC.  The Optimal 

antibody concentration was determined by titration on OSCC and SGMs sections, the 

manufacturer’s recommended range was 0.5–5.0 µg/ml (starting dilution 1:50, 1/100, 1:200, 

1/400 and 1/500) diluted in PBS with 5% NGS.  

After equilibration, the sections were then washed three times with PBS to remove the 

unbound antibody followed by incubation with biotinylated secondary antibody 1µg/ml 

diluted in 5% NGS/PBS for 45 minutes in a humidified chamber. Meanwhile, the Avidin-

Biotin Complex (ABC reagent) was prepared using the A and B reagents from the Vectastain 

ABC kit, 30 minutes prior to using. 50 µl of each A and B reagents were mixed in 2.5 ml of 

PBS and the mix was left to stand at room temperature for 30 minutes, then the section 

incubated for 30 minutes with the ABC reagent. Excess ABC reagent was removed from the 

slides by washing with three changes of PBS for 5 minutes each. Visualisation was achieved 

by incubation in peroxidase substrate and chromogen mixture (3, 3’-diaminobenzidine 

(DAB) and hydrogen peroxide prepared in-house as follow: 200 ml of PBS, 800µl of DAB 

and 200µl of hydrogen peroxide for 5 minutes followed by washing in running tap water to 
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stop the reaction. The section was then counterstained with Mayer’s haematoxylin (Sigma). 

Dehydration in graded ethanol solutions of 70%, 90%, 100% for 2 minutes each followed by 

clearing in xylene (twice for 5 minutes). The sections were then mounted with DPX mounting 

medium using glass coverslips and allowed to dry before visualising by light microscope. 

Positive controls were ductal epithelial cells in salivary gland tissues which were positive for 

NGF and TrkA (Kolokythas et al., 2010) (Figure 10). 

 

Figure 10 Ductal epithelial cells in salivary gland tissues showing a strong positive control for NGF 

(A) and TrkA (B) (black arrows) (x100 magnification). 
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The NGF and TrkA antibodies were blocked using the blocking peptide (#365944 and 7268), 

respectively, by adding twice the volume of peptide as volume of antibody used. These 

tissues were used as negative control and no staining was observed (Figures 11). 

 

4.3.3.2 Scoring of immunostaining with NGF and TrkA 

Assessment of the staining was carried out according to the scoring system reported 

previously in the literature, with some modification (Shen et al., 2014a, Kolokythas et al., 

2010). Stained sections were scanned using a light microscope at low power field (x10 

magnification). Cancer cells exhibiting a brown cytoplasmic, nuclear and/or surface 

membrane staining were counted as positive. Reliability of the IHC scoring system was tested 

by randomly selecting 20% of the stained sections which were scored by the main observer 

(Huda Alkhadar) at two different times.  The reassessment of scoring was independently 

carried out by three observers once (Dr. Michaelina Macluskey, Dr. Sharon White, Huda 

Alkhadar) using a double-headed light microscope without prior knowledge of the patient’s 

characteristics. An intra-observer correlation and inter-observer correlation analysis testing 

for scoring results consistency gave a Cronbach’s alpha of more than 0.8. NGF and TrkA 

Figure 11 Complete blocking of the primary antibodies after incubation with blocking petptides 

and no immunorectivity for NGF (A) and Trk (B) was detected in stained sections (x100 

magnification). 
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staining scoring was performed as follow: the percentage of tissue staining was designated 

as 1 when 0-25% of tumour cells were strained, 2 when 25-50% of tumour cells were strained 

and 3 when >50% of tumour cell were stained. The intensity of tissue staining positively was 

categorised as 1 for weak staining, 2 for moderate staining and 3 for strong staining, no 

staining was labelled as 0 (Figure 12). The final Scoring was performed according to the 

product of staining intensity and the percentage of tissue staining ranging from 0–6 

categorised as: low expression (IHC =0-2) and high expression (IHC=3-6).  
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Figure 12 Staining intensity for NGF and TrkA. OSCC sections showing a weak cytoplasmic/nuclear 

NGF staining (A) and weak cytoplasmic/membrane TrkA staining (B). OSCC showing a moderate 

cytoplasmic/nuclear NGF staining (C) and moderate cytoplasmic/membrane TrkA (D). OSCC section 

showing a strong cytoplasmic/nuclear NGF staining (E) and strong cytoplasmic/membrane TrkA (E) 

and TrkA (F) (x200 magnification). 
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4.3.3.3 Statistical analysis 

Data was analysed using SPSS package (IBM statistics version 22).  The correlation between 

NGF/TrkA expression status, PNI and clinicopathological parameters of OSCC and SGMs 

patients was analysed by chi-square or Fisher exact test where appropriate.  A Spearman’s 

correlation was used to assess the significance of relationships between the expression level 

of NGF and TrkA. A Kaplan-Meier analysis was used to determine the predictive value of 

NGF and TrkA expressions in OSCC and SGMs for OS, DSS, and DFS. The differences in 

survival rate were assessed by log-rank test. p-values<0.05 were considered significant. 

Bonferroni’s correction for multiple comparisons was applied, where appropriate, as an 

adjustment to p-values.  
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4.4 Results 

 OSCC samples 

4.4.1.1 Demographics of OSCC samples 

One hundred and thirty-two OSCC patients’ details were analysed in the IHC study, 65 

males and 67 females with an age range of 29 to 95 years (mean 69±11). The mean follow-

up period was 42±22 months with a range of 1-60 months. The tongue was the most 

common site for OSCC (74%) followed by floor of the mouth (22%), alveolus (9%), 

buccal mucosa (7%) and retromolar trigone (6%).  

 

4.4.1.2 NGF and TrkA expression in OSCC samples 

High expression of NGF was seen in 111 of 132 (84%) cases of OSCC which was 

intensely present in the cytoplasm and nucleus of cancer cells in a diffuse pattern. One 

hundred and twenty-two (92%) OSCC showed a high expression of TrkA that was present 

diffusely in the surface membranes and cytoplasm of cancer cells (Figure 13). 

Immunoreactivity of NGF and TrkA was weakly present in 16% and 8% of the OSCC 

respectively (Figure 14).  Neural tissues showed moderate to strong intensity of NGF and 

Trk immunoreactivity. A strong positive correlation was seen between NGF 

immunoreactivity and TrkA immunoreactivity in OSCC samples (rs = .65, n = 132, p < 

0.05), rs =Spearman’s correlation coefficient. 
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Figure 13 Representative high expression of NGF (A) and TrkA (B) in positive-PNI OSCC. 

OSCC exhibiting intensive cytoplasmic/ nuclear NGF and cytoplasmic/membrane TrkA 

immunoreactivity in cancer cells (Indicated by arrow) invading the nerve (N) (x100 

magnification). 

 

 

Figure 14 Representative low expression of NGF (A) and TrkA (B) in positive-PNI OSCC. 

OSCC showing weak cytoplasmic/ nuclear NGF and cytoplasmic/membrane TrkA staining in 

tumour cells (Indicated by arrow) invading the nerve (N) (x100 magnification). 
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4.4.1.3 The relationship between NGF and TrkA expression with 

clinicopathological parameters in OSCC samples  

The NGF and TrkA expression shown by IHC in OSCC samples was analysed in relation 

to clinicopathological parameters of the patients. OSCC samples with PNI expressed 

NGF and TrkA with a greater frequency than OSCC without PNI (p<0.05). There were 

significant differences between NGF/TrkA expression levels, DOI greater than 4mm and 

positive lymphovascular invasion (p<0.05). Furthermore, patients who presented with 

pain at the time of diagnosis had a significantly higher NGF expression in their tumour 

compared with patients with low NGF expression who presented with pain (p<0.05), 

however there was no relationship between pain and TrkA expression level in same 

samples of OSCC (p>0.05). There was no significant difference in NGF/TrkA expression 

levels and pathological parameters including tumour size, degree of differentiation, nodal 

and extracapsular involvement, invasive front and bone invasion (p>0.05). Clinically, 

higher expression of NGF and TrkA was not associated with TNM stage (UICC staging) 

nor local recurrence rate (p>0.05). Correlation between NGF and TrkA expression level 

and clinicopathological parameters including the presence and absence of PNI of 132 

OSCC samples is shown in Table 15. The raw data for NGF and TrkA expression in 

OSCC samples are shown in Appendix 7. 
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OSCC samples NGF Expression p-value TrkA expression p-value 

 High 

No=111 

(84%) 

Low 

No=21 

(16%) 

 High 

No=122 

(92%) 

Low 

No=10  

(8%) 

 

p-T stage 

T1 

T2 

T3 

T4 

Missing data 

 

41(39) 

34(32) 

2(2) 

29(27) 

5 

 

12(57) 

7(33) 

0  

2(10) 

0 

 

 

0.2  

NS 

 

47(40) 

37(31) 

2(2) 

31(26) 

5 

 

6(60) 

4(40) 

0 

0 

0 

 

 

0.2 

NS 

p-N Stage 

N0 

N1 

N2 

N3 

Data missing 

 

68(64) 

16(15) 

22(21) 

0 

5 

 

17(81) 

1(5) 

3(14) 

0 

0 

 

 

0.3 

NS 

 

76(65) 

17(15) 

24(20) 

0 

5 

 

9(90) 

0  

1(10) 

0 

0 

 

 

0.4 

NS 

p-Extracapsular extension 

Yes 

No 

 

31(28) 

80(72) 

 

4(19) 

17(81) 

 

0.3 

NS 

 

34(28) 

88(72) 

 

1(10) 

9(90) 

 

0.2 

NS 

p-DOI (mm) 

<4mm 

>4mm 

Data missing 

 

21(21) 

79(79) 

11 

 

11(52) 

10(48) 

0 

 

0.003* 

 

25(23) 

86(77) 

11 

 

7(70) 

3(30) 

0 

 

0.003* 

p-Histological grade 

Well 

Moderate 

Poor 

 

11(10) 

53(48) 

47(42) 

 

1(5) 

14(66) 

6(28) 

 

0.3 

NS 

 

11(9) 

61(50) 

50(41) 

 

1(10) 

6(60) 

3(30) 

 

0.7 

NS 

p-Invasive front  

Cohesive  

Discohesive 

Data missing 

 

39(39) 

60(61) 

12 

 

12(57) 

9(43) 

0 

 

0.1 

NS 

 

47(43) 

63(57) 

12 

 

4(40) 

6(60) 

0 

 

0.8 

NS 

Perineural Invasion 

Yes 

No 

 

61(55) 

50(45) 

 

0   

21(100) 

 

0.0001* 

 

61(50) 

61(50) 

 

0 

10(100) 

 

0.002* 

p-Lymphovascular Invasion 

Yes 

 No 

 

 

35(32) 

76(68) 

 

1(5) 

20(95) 

 

0.01* 

 

36(30) 

86(70) 

 

0 

10(100) 

 

0.04* 

Table 15 Correlation between NGF and TrkA expression level and clinicopathological 

parameters in OSCC samples 
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p-Bone invasion 

Yes 

 No 

 

14(13) 

97(87) 

 

2(10) 

10(90) 

 

0.6 

NS 

 

16(13) 

106(87) 

 

0  

10(100) 

 

0.6 

NS 

TNM Staging  

I 

II 

III 

IV 

Data missing 

 

33(31) 

25(24)  

10(9) 

38(36) 

5 

 

10(47) 

5(24) 

1(5) 

5(24) 

0 

 

 

0.5 

NS 

 

37(32) 

27(23) 

11(9) 

42(36) 

5 

 

6(60) 

(30) 

0 

1(10) 

0 

 

 

0.1  

NS 

Pain 

Yes 

No 

 

41(37) 

70(63) 

 

3(14) 

18(86) 

 

0.04* 

 

42(34) 

80(66) 

 

2(20) 

8(80) 

 

0.4 

NS 

Recurrence 

Yes 

No 

 

28(25) 

83(75) 

 

7(33) 

14(67) 

 

0.4 

NS 

 

31(25) 

91(75) 

 

4(40) 

6(60) 

 

0.4 

NS 

Survival status  

Alive  

Deceased  

Deceased from disease  

 

38(34) 

73(66) 

23(32) 

 

10(48) 

11(52) 

3(27) 

 

0.2  

NS 

 

42(34) 

80(66) 

26(33) 

 

6(60) 

4(40) 

0  

 

0.1 

NS 

 

* Significant value. NS not significant. 

 

4.4.1.4 Relationship between NGF and TrkA expression and survival status in 

OSCC samples  

The overall 5-year survival rate was worse for OSCC with high expression of NGF and 

TrkA compared to OSCC patients with low NGF and TrkA expression (34% vs 48%, 

34% vs 60% respectively). However, Kaplan-Meier survival analysis revealed no 

significant association of NGF and TrkA expression levels with patients OS, DSS and 

DFS (P>0.05) (Figures 15) and (Figure16). 



96 
 

 

    

   



97 
 

 

 

Figure 15 Kaplan-Meier survival analysis for NGF expression in OSCC samples. Overall 

survival (A), disease-specific survival (B) and disease-free survival (C) (p = Log-Rank test). High 

NGF expression represented by red line and low NGF expression represented by green line (p = 

Log-Rank test). 
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Figure 16 Kaplan-Meier survival analysis for TrkA expression in OSCC samples. Overall 

survival (A), disease-specific survival (B) and disease-free survival (C) (p = Log-Rank test). High 

TrkA expression represented by red line and low TrkA expression represented by green line 

(p = Log-Rank test). 
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 SGM samples 

4.4.2.1 Demographics of SGM samples 

Of the 14 SGMs samples, 10 were males and 4 were females with a mean age of 66± 19 

years (range 27-89). Fifty percent (50%) of the SGMs were in the parotid gland followed 

by minor salivary glands (36%) and 14% in the submandibular gland. The mean follow-

up was 46±19 months (range 8-60 months). Regarding histological type, there were 2 

cases of AdCC, 4 ACC, 2 adenocarcinoma, 1 MEC and 1 PLGA.  

 

4.4.2.2 NGF and TrkA expression in SGM samples 

Seven of the 14 cases of SGMs (50%) showed a high NGF immunoreactivity that was 

present diffusely in the cytoplasm and nucleus of cancer cells and twelve cases of SGMs 

(86%) showed a high TrkA cytoplasmic and surface membrane staining (Figure 17), 

whereas, 7 and 2 showed a low NGF and TrkA expression respectively (Figure 18). 

Neural tissues showed a positive intensity of NGF and Trk immunoreactivity.  

 

Figure 17 Representative high expression of NGF and TrkA in SGMs. Carcinoma ex-

pleomorphic adenoma positive-PNI Exhibiting intensive cytoplasmic/nuclear NGF (A) and 

cytoplasmic/membrane TrkA (B) immunoreactivity in cancer cells (indicated by arrow) invading 

the nerve (N) (x100 magnification). 
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Figure 18 Representative low expression of NGF and TrkA in SGMs. Adenoid cystic carcinoma 

positive-PNI. Showing weak cytoplasmic/ nuclear NGF (A) and cytoplasmic/membrane TrkA 

(B) staining in cancer cells (indicated by arrow) invading the nerve (N) (x100). 

 

4.4.2.3 Relationship of NGF and TrkA expression with clinicopathological 

parameters in SGM samples  

The NGF and TrkA expression obtained by IHC in SGMs samples were analysed in 

relation to clinicopathological parameters of the patients. Of the 7 patients with high NGF 

expression, PNI was identified in 5 (71%), whereas PNI was observed in 7 (58%) of 12 

patients with high TrkA expression. However, there is no significant differences in any 

clinicopathological factors including PNI found between high and low expression groups 

of NGF and TrkA (p>0.05). A moderate positive correlation was seen between NGF 

immunoreactivity and TrkA immunoreactivity in SGMs samples (rs = .4, n = 14, p > 0.05). 

Correlation between NGF and TrkA expression level and clinicopathological parameters 

including the presence and absence of PNI of 14 SGMs samples is shown in Table 16. 

The raw data for NGF and TrkA expression in SGMs samples are shown in Appendix 8. 
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SGMs samples NGF Expression p-value TrkA expression p-value 

 High 

No=7 

(50%) 

Low 

No=7 

(50%) 

 High 

No=12 

(86%) 

Low 

No=2  

(14%) 

 

Histological type 

Adenoid Cystic carcinoma 

Acinic Cell Carcinoma 

Adenocarcinoma (NOS) 

Carcinoma ex-pleomorphic adenoma 

Mucoepidermoid  

polymorphous low-grade 

adenocarcinoma 

 

1(14) 

2(29) 

1(14) 

3(43) 

0 

0 

 

1(14) 

2(29) 

1(14) 

1(14) 

1(14) 

1(14) 

 

 

0.9  

NS 

 

2(17) 

3(25) 

2(17) 

4(33) 

1(8) 

0 

 

0 

1(50) 

0 

0 

0 

1(50) 

 

 

0.3 

NS 

p-T stage 

T1  

T2 

T3  

T4 

 

2(29) 

1(14) 

2(29) 

2(29) 

 

5(71) 

1(14) 

0 

1(14) 

 

 

0.5 

NS 

 

6(50) 

2(17) 

2(17) 

2(17) 

 

1(50) 

0 

0 

1(50) 

 

 

0.6 

NS 

p-N stage 

N0  

N1 

N2  

N3 

 

5(71) 

0 

2(29) 

0 

 

7(100) 

0 

0 

0 

 

 

0.4 

NS 

 

10(83) 

0 

2(17) 

0 

 

2(100) 

0 

0 

0 

 

 

0.5  

NS 

p-Extracapsular extension 

Yes 

No 

 

2(29) 

5(71) 

 

0 

7(100) 

 

0.4 

NS 

 

2(17) 

10(83) 

 

0  

2(100) 

 

0.7  

NS 

p-Lymphovascular invasion 

Yes 

No 

 

1(14) 

6(86) 

 

2(29) 

5(71) 

 

0.5 

NS 

 

2(17) 

10(83) 

 

1(50) 

1(50) 

 

0.2 

NS 

p-Perineural invasion 

Yes 

No 

 

5(71) 

2(29) 

 

2(29) 

5(71) 

 

0.2  

NS 

 

7(58) 

5(42) 

 

0  

2(100) 

 

0.4 

NS 

TNM staging  

I 

II 

III 

IV 

 

 

2(29) 

1(14) 

0 

4(57) 

 

5 (72) 

1(14) 

0 

1(14) 

 

 

0.3 

NS 

 

6(50) 

2(17) 

0 

4(33) 

 

1(50) 

0 

0 

1(50) 

 

 

0.7 

NS 

 

Table 16 Correlation between NGF and Trk expression level in SGMs samples and 

clinicopathological parameters 
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Facial nerve weakness 

Yes 

No 

 

1(14) 

6(86) 

 

0 

7 (100) 

 

0.2 

NS 

 

1(8) 

11 (92) 

 

0 

2 (100) 

 

0.8  

NS 

Recurrence 

Yes 

No 

 

2(29) 

5(71) 

 

2(28) 

5(71) 

 

0.4 

NS 

 

3(25) 

9(75) 

 

1(50) 

1(50) 

 

0.5 

NS 

Survival status 

   Alive  

   Deceased  

   Deceased from cancer 

 

3(43) 

4 (57) 

3 (75) 

 

4(57) 

3 (43) 

2 (66) 

 

0.5 

NS 

 

6(50) 

6 (50) 

4 (66) 

 

1(50) 

1 (50) 

1 (100) 

 

0.2 

NS 

* Significant value. NS not significant. 

 

4.4.2.4 Relationship between NGF and TrkA expression and survival status in 

SGMs samples  

The levels of NGF and TrkA expression, as determined by IHC, were examined for the 

association with overall, disease-specific and disease-free survival in SGMs using the 

Kaplan Meier curve. NGF and TrkA expression had no significant effect on OS, DSS and 

DFS of the patients with SGMs (p>0.05) (Figure 19) and (Figure 20). 
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Figure 19 Kaplan-Meier survival analysis for NGF expression in SGMs samples. Overall survival 

(A), disease-specific survival (B) and disease-free survival (C) (p = Log-Rank test). High NGF 

expression represented by red line and low NGF expression represented by green line (p = Log-

Rank test). 
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Figure 20 Kaplan-Meier survival analysis for TrkA expression in SGMs samples. Overall 

survival (A), disease-specific survival (B) and disease-free survival (C) (p = Log-Rank test). High 

TrkA expression represented by red line and low TrkA expression represented by green line (p = 

Log-Rank test). 

 

4.5 Discussion 

PNI is neither an extension of lymphatic spread nor tumour cell migration through low 

resistance perineurium (Liebig et al., 2009). The mechanism by which PNI occurs is 

demonstrated as a two-way signal pathway between tumour cells and nerves leading to 

neurite outgrowth toward tumour cells and tumour cell migration to the nerves and 

therefore PNI (Roh et al., 2015).This process requires activation of some neurotrophic 

growth factors such as NGF which may be one of the most important factors in the PNI 

pathway (Kruttgen et al, 2006). Previous studies have shown the significant association 

of NGF and TrkA over expression with PNI in OSCC and SGMs (Shen et al., 2014a, Yu 

et al., 2014, Kolokythas et al., 2010, Hao et al., 2010, Wang et al., 2006, Guo et al., 2006). 
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In the present study, we demonstrated a marked presence of cytoplasmic/nuclear NGF 

and cytoplasmic/surface membrane TrkA expression in OSCC by IHC. However, NGF 

overexpression was observed in 50% of the SGMs whereas TrkA overexpression was 

reported in 86% SGMs samples using IHC analysis.  NGF and TrkA expression levels 

were increased in PNI-positive compared with PNI-negative OSCC and SGMs. However, 

the differences in level of NGF and TrkA expression between PNI-positive and negative 

group were only significantly reported in OSCC. Moreover, there was a positive 

relationship between the expression of NGF and TrkA in OSCC and SGMs. Similar to 

our results, Wang et al., and Kolokythas et al., demonstrated the association between 

NGF and TrkA expression in AdCC and OSCC respectively (Kolokythas et al., 2010, 

Wang et al., 2006). Besides the cancer cells, immunoreactivity of NGF and TrkA were 

notably present in nerve tissues in OSCC and SGMs in this study. Therefore, it may be 

suggested that there is close interaction between the cancer cells and neural tissues, where 

NGF is expressed by cancer cells and nerve is attracted by its receptor TrkA causing 

tumour cells and nerves to grow together, and therefore NGF/TrkA pathway may have an 

important role in process of PNI. This hypothesis is supported by previous studies which 

showed the influence of NGF/TrkA interactions between cancer cells and neural tissues 

in AdCC and OSCC that may facilitate the development of PNI (Kolokythas et al., 2010, 

Wang et al., 2006).  

NGF and its receptor TrkA are believed to be major mediators of pain in pancreatic and 

prostate cancer (Wang et al., 2014, Bapat et al., 2011, Halvorson et al., 2005, Zhu et al., 

1999). Ye et al. showed that NGF effects progression of cancer as well as pain in OSCC 

mouse model (Ye et al., 2011). To our knowledge this is the first report to show that 

overexpression of NGF might influence pain generation in patients with OSCC. In view 

of this finding, we suggest that modalities targeted at blocking NGF might be potentially 

effective as future therapy for OSCC and its related symptoms. 
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A previous study has shown an association of NGF overexpression with some 

pathological parameters in OSCC (Shen et al., 2014a), however, TrkA immunoreactivity 

was not associated with any pathological factors in the same study. Interestingly, our 

findings demonstrated a significant correlation of NGF and TrkA overexpression with 

lymphovascular invasion and increase DOI (>4mm) in patients with OSCC, which might 

indicate that NGF and its receptor TrkA can predict aggressive progression of OSCC. The 

explanation of this aggressive behaviour is that NGF/TrkA may induce 

lymphovascularization around nerves in cancers with an increase DOI by supplying the 

nutrients for tumour and nerve growth which enhance PNI (Hao et al., 2010). According 

to the literature, NGF staining intensity was significantly higher in the advanced stage 

and recurrence group in AdCC (Hao et al., 2010), whereas TrkA expression was not 

significantly correlated with any pathological factors in SDC (Ryu et al., 2018). In our 

study, neither NGF nor TrkA expression were able to correlate with any pathological 

parameters in SGMs possibly due to the small sample size. 

To date, only two previous studies evaluated the impact of NGF expression on patient 

survival with OSCC and SGMs and led to conflicting results as higher NGF expression 

levels had a significantly worse overall survival in OSCC in one (Shen et al., 2014a) and 

failed to report an association beetworm NGF expression and survival in another (Yu et 

al., 2014). Patients with high expression of NGF had a worse survival rate in AdCC (Hao 

et al., 2010), however, high TrkA expression was not significantly related to OS in 

patients with SDC (Ryu et al., 2018). Our results revealed no significant association of 

NGF and TrkA expression levels with patients OS, DSS and DFS in both cohorts of 

OSCC and SGMs. The variation in the prognostic significance of NGF and TrkA 

expression in OSCC and SGMs in the literature and our study, is probably due to the 

limitation in numbers of cases analysed that might reduce the predictive power of NGF 



109 
 

 

and TrkA as  markers and also the retrospective study designs which need to be further 

validated in prospective studies.   

Thus, NGF/TrkA expression might be crucial for PNI in OSCC and SGMs and may be 

considered as biomarkers for PNI. NGF might also have a role to play in the experience 

of pain in PNI-positive OSCC patients. Therefore, further understanding of the role that 

NGF/TrkA may play in OSCC and SGMs would be necessary for the development of a 

therapy that targets the actions NGF/TrkA signalling, this may represent a potential 

direction for the treatment of PNI and cancer pain in OSCC and SGMs in future.  
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5 Chapter Nerve Growth Factor-induced Migration in Oral and Salivary Gland 

Malignancy Cells Utilises the PI3K/Akt Signalling Pathway: Is There a Link to 

Perineural Invasion? 
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5.1 Introduction 

One of the major challenges for cancer treatment is the resistance of tumour cells to 

induction of cell death due to proliferation, survival, migration and invasion signalling 

(Molloy et al., 2011). Many growth factors and cytokines are important for signalling and 

dysregulation of growth factor signalling plays an important role in cancer development. 

Moreover, progression of cancer, including development of metastasis, is often found to 

be linked to altered expression of many growth factors and their receptors (Hanahan and 

Weinberg, 2011). Cancer cell migration towards nerves and then along the nerve trunk 

within the perineural space likely requires activation of numerous signalling pathways 

involving many growth factors and their receptors which plays an important role in PNI 

(Roh et al., 2015). Neurotrophins such as NGF contribute to survival, proliferation and 

migration signalling in many different types of cancer (Kruttgen et al., 2006).  

 

5.2 Nerve Growth Factor  

NGF is a neurotrophic factor which was the first growth factor discovered in cancer 

biology by Levi-Montalcini in the 1940s as a substance secreted from mouse sarcoma of 

3-days old chick embryos that stimulated neurite outgrowth and neural survival (Levi‐

Montalcini and Hamburger, 1951). The history of NGF and other neurotrophic factor 

research is strongly associated with the field of neuroscience, where NGF promotes 

survival, differentiation and functional activity of peripheral sensory and sympathetic 

nerve cells (Apfel et al., 1994). There are non-neural functions of NGF outside its 

classical duty of peripheral and central nervous system which have roles in the 

development of reproductive system, the endocrine, cardiovascular and immune system 

(Tessarollo, 1998). Moreover, NGF has a treatment role in Alzheimer disease (Ferreira et 

al., 2015), corneal ulcers and glaucoma (Lambiase et al., 1998). Recent progress in NGF 

research has shown that NGF has a role in carcinogenesis and the pathogenesis of many 
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tumours by regulating cell proliferation, invasion and therefore cancer cell survival 

(Kruttgen et al., 2006). These various actions of NGF are dependent on cell type and the 

presence of NGF receptors in cancer cells. 

 

 Nerve growth factor receptors 

Neurotrophins mediate their functions through two structurally distinct classes of 

transmembrane receptors; low-affinity receptor, the p75 neurotrophin receptor (p75NTR) 

which activates nuclear factor-kappa B (NF-κB) and c-Jun N-terminal kinase (JNK) 

leading to cell survival and death respectively, and specific high-affinity tyrosine kinase 

receptors called tropomyosin related kinases (Trks) that exhibit specificity in 

neurotrophin binding leading to proliferation, migration and survival via the activation of 

PI3K/Akt, Ras/MAPK and PLCγ pathways (Schecterson and Bothwell, 2010). NGF 

signalling pathways were described earlier in Chapter 1 (Figure 4). 

75NTR is a member of the tumour necrosis factor receptor (TNF-R) superfamily which is 

recognised by all the neurotrophins (NGF, BDNF, NT-3, and NT-4) to promote 

differentiation, growth, and survival of cells in the nervous system (Chao, 2003). p75NTR  

mediated downstream signal transduction pathways are extremely diverse, being 

dependent on the cell context, availability of intracellular adaptor molecules and 

expression of interacting transmembrane co-receptors, this signalling then leads to 

downstream activation of NF-κB which promotes cell survival (Molloy et al., 2011). 

Interestingly, p75NTR also serves as a receptor for immature pro-neurotrophins which 

induce cell death in a manner that is dependent on binding to a co-receptor, sortilin 

(Nykjaer et al., 2004). Therefore, p75NTR can act as a bifunctional switch directing the 

cell down opposing paths of cell death or survival.  

In contrast to p75NTR, Trks receptors which are structurally unrelated to p75NTR , are 

selective in which neurotrophins they will bind, with TrkA preferring NGF, TrkB 
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preferring BDNF and NT-4/5 and TrkC preferring NT-3 (Reichardt, 2006). Trk receptors 

mediate differentiation and survival signalling through extracellular signal-regulated 

kinase (Scherl et al.), PI3K and PLCγ pathways (Chao, 2003). These pathways are 

involved in neuronal growth, survival and differentiation and in non-neuronal cells, 

activation of Trk receptors is linked to proliferation, survival, migration and increased 

invasiveness of cancer cells (Lagadec et al., 2009).   

 

 NGF/TrkA signalling PI3K/Akt pathway in cancer  

The role of NGF/ TrkA signalling in the pathogenesis of cancer has been linked to cancer 

metastasis, invasion and inhibition of apoptosis in several experimental studies (Molloy 

et al., 2011). The PI3K pathway is one of the signalling pathways that has been found to 

be frequently disturbed in human cancers (Hennessy et al., 2005) and the serine/threonine 

kinase Akt is activated by phosphorylation at Thr308 (T308) and Ser473 (S473)  and 

might be involved in cancer metastasis and has  been validated as an essential step in 

the initiation and maintenance of several tumours (Islam et al., 2014, Vivanco and 

Sawyers, 2002). One important function of activated PI3K in cells is the inhibition of 

apoptosis, and Akt is a good candidate for mediating these PI3K-dependent cell survival 

responses (Datta et al., 1999). NGF signalling has been linked to promotion of metastasis 

and invasiveness in breast, prostate and pancreatic cancer (Arrighi et al., 2010, Dollé et 

al., 2004, Zhu et al., 1999). Furthermore, NGF signalling has been implicated in the 

proliferation, survival and migration of breast cancer cells (Descamps et al., 2001). Up to 

80% of breast cancer biopsies have been shown to express NGF in an ex-vivo study 

(Adriaenssens et al., 2008). NGF signalling via TrkA is upregulated in breast cancer cells 

activating MAPK and PI3K/Akt leading to proliferation, invasion and metastasis 

(Lagadec et al., 2009). Recently, an in-vitro study reported that the activation of 

NGF/TrkA mediates proliferation, invasiveness and epithelial-mesenchymal transition 
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(EMT) in prostate cancer cells (Di Donato et al., 2019). Zhu et al., (1999) reported that 

NGF is overexpressed in human pancreatic cancer and this overexpression of NGF 

through phosphorylation of TrkA is associated with increased PNI. 

Regarding OSCC and SGMs, NGF has been shown to play a role in tumour proliferation 

and PNI  ex-vivo OSCC (Kolokythas et al., 2010), where OSCCs with evidence of PNI 

have an increased expression of NGF and TrkA suggesting that NGF and TrkA are 

correlated with the development of PNI. A study was conducted to investigate the 

expression of NGF and TrkA in AdCC and to examine the effects of NGF on adhesion, 

migration and invasion capacities in-vitro concluding that the overexpression of NGF and 

TrkA may be a reason for cancer cells to invade the nerves. Furthermore, NGF can 

stimulate the adhesion and migration of AdCC cells and therefore facilitate  PNI (Wang 

et al., 2006). A higher expression of NGF protein was found in tissues of OSCC than in 

normal oral epithelium (Shen et al., 2014a) and in the tissues of AdCC (Li et al., 2010). 

NGF has shown to play a role in tumour proliferation and in PNI in ex-vivo and in-vitro 

study where tissues and cells of human OSCC have been used to investigate the 

expression of NGF and the concentration of NGF protein respectively. The results 

showed that the tissue biopsies from OSCC showed a strong NGF immunoreactivity and 

NGF protein concentration which was higher in oral cancer cells than in normal cells (Ye 

et al., 2011).  Ex-vivo studies show that Akt is phosphorylated in AdCC suggesting that 

the PI3K/Akt signalling pathway has an important role in salivary gland carcinogenesis 

(Ouyang et al., 2017, Volker et al., 2009). However, a review conducted to analyse the 

previous and recent in-vivo and in-vitro NGF studies on tumour cell induction and 

progression indicate that the NGF administration is not enough to generate or promote 

cell tumourigenesis, including cancer cell proliferation and progression. Therefore, 

whether NGF plays a direct or an indirect role in cell proliferation and PNI remains to be 

investigated (Aloe et al., 2016). 
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5.3 Null hypothesis, aim and objectives 

 

Null hypothesis H0:  NGF/TrkA does not utilise the PI3K/Akt signalling pathway in 

OSCC and SGMs and therefore has no link to PNI in-vitro. 

  

Aim: To explore the molecular mechanism of NGF/TrkA and its PI3K/Akt signalling 

pathway in OSCC and SGMs and its link to PNI in-vitro. The objectives of this study are 

to:  

a. Investigate the effect of NGF on morphology, adhesion, proliferation and 

migration capabilities of OSCC and SGMs cell lines. 

b. Study the role of NGF-induced phosphorylated PI3K/Akt at T308 and S473 

residues on OSCC and SGMs cell lines. 

c. Confirm the involvement of PI3K/Akt pathway in cellular scattering, 

migration via the use of an Akt inhibitor. 
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5.4 Materials  

In this study, four cell lines were used. Human oral adenosquamous cell line derived from 

minor salivary gland cell line (TYS), OSCC line with high invasive potential derived 

from tongue (SAS-H1) and the neoplastic duct cell line derived from submandibular 

salivary gland (HSG) were a gift from Dr. Koji Harada, University of Tokushima, Japan. 

Human adult keratinocyte cell line (HaCaT) was gifted from Professor S.L. Schor (late), 

Dundee Dental School, University of Dundee, UK (Table 17). Tables 18 and 19 list all 

the equipment, reagents and antibodies used in this study.  

 

Name Cell type Derived from Source Reference 

TYS Oral adenosquamous 

cell carcinoma 

Floor of the mouth  Dr. Koji Harada, 

University of 

Tokushima, 

Japan 

(Yanagawa et al., 

1986)  

SAS-H1 OSCC Tongue Prof. Mitsunobu 

Sato, University 

of Tokushima, 

Japan 

(Okumura et al., 

1996)  

HSG Neoplastic epithelial 

duct cell  

Submandibular gland Prof. Mitsunobu 

Sato, University 

of Tokushima, 

Japan 

(Shirasuna et al., 

1981)  

HaCaT Human keratinocyte 

cell  

Adult human skin Prof. S. L. Schor 

(late), DDS (Boukamp et al., 

1988) 

       

 

 

 

 

Table 17 Details of the cell lines 
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Name Make/Origin 

Class II biological safety cabinet Medical Air Technology, Manchester, UK 

Incubator Thermo Scientific, Waltham, MA, USA 

Water bath Rant Instruments, Cambridge, UK 

Centrifuge machine (Mistral 1000) MSE, London, UK 

Pipette Thermo Scientific, Waltham, MA, USA 

Pipette boy Integra bioscience, Zizers, Switzerland 

Nunclone cell culture dish Thermo Fisher Scientific, Denmark 

Light microscope, IX50 Olympus, Tokyo,Japan 

Counting slide  Bio-Rad, Hercules, CA, USA 

Chemotaxis chamber (48 well) Neuroprobe Inc, gaitherburgh, MD, USA 

Membrane filter (8µm) Costar, UK 

Automated cell counter TC10 Bio-Rad, Hercules, CA, USA 

Orbital shaker  Stuart scientific, Staffordshire, UK 

Magnetic stirrer Stuart scientific, Staffordshire, UK 

Centrifuge (Sigma 1-13) Sigma, Osterode am Hartz, Germany 

Well plate Coster (3S48) 

Flurostar Optima plate reader BMG LABTECH 

Inverted fluorescence microscope (IX70) Olympus, Tokyo, Japan 

Fluorescence microscope camera Olympus SC35 

Fluorescence microscope camera Olympus XM10 

Immunopen  Dako, Cambridgeshire, UK 

 

 

 

 

 

 

Table 18 List of equipment 



118 
 

 

Reagents, proteins and antibodies Company Catalogue no. 

Foetal Calf Serum (FCS) Sigma-Aldrich, St. Louis, MO, 

USA 

F-2442 

Minimum essential Medium Eagle (MEM) Sigma-Aldrich, St. Louis, MO, 

USA 

M-0275 

POLY-L-Lysine, 0.01 % Sigma-Aldrich, St. Louis, MO, 

USA 

P4704 

EGTA Sigma-Aldrich, St. Louis, MO, 

USA 

E-8145 

Trypsin Sigma-Aldrich, St. Louis, MO, 

USA 

T-4549 

L-Glutamine Sigma-Aldrich, St. Louis, MO, 

USA 

G-7513 

Phosphate-buffered saline (PBS) Sigma-Aldrich, St. Louis, MO, 

USA 

P-4417 

Recombinant Human beta NGF  Sino Biological Inc. Beijing. China 11050-HNAC 

HBSS (HANK’S balanced salt solution) Sigma-Aldrich, St. Louis, MO, 

USA 

H-4641 

Methanol VWR BDH, PA, USA 101586B 

Bovine Serum Albumin (BSA) Sigma-Aldrich, St. Louis, MO, 

USA 

A-9418 

DMSO Sigma-Aldrich, St. Louis, MO, 

USA 

D-5859 

Tween 20 Sigma-Aldrich, St. Louis, MO, 

USA 

P1379 

Native Type I Collagen In-house  

Mayer’s Haematoxylin Sigma-Aldrich, St. Louis, MO, 

USA 

MHS-32 

Aqueous mounting media  Sigma-Aldrich, St. Louis, MO, 

USA 

M-1289 

NGS Vector laboratories, Burlingame, 

CA, USA 

S1000 

Protease inhibitor Roche applied science, Bavaria, 

Germany 

04693116001 

Phosphatase inhibitor Roche applied science, Bavaria, 

Germany 

04906845001 

Phospho-Akt (Ser473) (D9E) XP Rabbit 

mAb 

Cell Signalling Technology Inc, 

Danvers, MA, USA 

4060 

Table 19 List of reagents, proteins and antibodies 
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Phospho-Akt (Thr308) (C31E5E) 

Rabbit mAb 

Cell Signalling Technology Inc, 

Danvers, MA, USA 

2965 

Akt (pan) (C67E7) Rabbit mAb Cell Signalling Technology Inc, 

Danvers, MA, USA 

4691 

Anti-rabbit IgG (H+L), F(ab’)2 Fragment 

(Alexa Fluor® 488 Conjugate) 

Cell Signalling Technology Inc, 

Danvers, MA, USA 

4412 

Rabbit anti-mouse IgG, HRP-linked 

antibody 

Dako, Cambridgeshire, UK P-0260 

MK-2206 2HCl Selleckchem, Houston, TX, USA S1078 

Laemmli loading buffer Bio-Rad Herules, CA, USA 161-0737 

2-Mecaptoethanol  Sigma-Aldrich, St. Louis, MO, 

USA 

M-7522 

Running buffer (TGS) Bio-Rad Herules, CA, USA 161-0772 

Mini-PROTEAN precast gel Bio-Rad Herules, CA, USA 456-1026 

Magic Mark XP western std Invitrogen, Carlsbad, CA, USA LC5602 

Immun-Star Western C substrate Bio-Rad Herules, CA, USA 170-5070 

Semi-skimmed milk powder Marvel, London, UK - 

Tris Boehringer, Mannheim, Germany 708976 

Eppendorf non-stick 0.5ml Alpha Labs LW2400 

SDS VWR BDH, PA, USA 108073J 

Methanol VWR BDH, PA, USA 101586B 

Nitrocellulose transmembrane Whatman, GE Healthcare, 

Buckinghamshire, UK 

10401396 

MTT (3-(4,5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide) 

Sigma-Aldrich, Dorset, UK M-2128 

Micro BCA Protein Assay Kit Thermo Scientific, USA QL223205 
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5.5 Experimental Procedure  

 Cell culture 

All cells were cultured at 37ºC and 5% CO₂ in MEM medium supplemented with 10% 

(v/v) foetal calf serum (FCS) and 200mM glutamine. The cell culture related tasks 

(including sub-culturing, farming, cryopreservation and resuscitation) were performed 

according to the standard laboratory protocol prepared by the unit of Cell and Molecular 

Biology, University of Dundee, Dental School UK. The cells were sub-cultured 1-2 times 

a week (1:3 or 1:4) and medium was changed every second or third day. The cells were 

grown on 90mm dishes (Nunclon). For sub-culture, the old medium was aspirated off 

first, the cells were then washed with 5mls of HBBS, and trypsinised by 2ml of EGTA at 

37º for 5 minutes. The trypsin was then neutralised by adding 2ml of growth medium and 

the cell suspension was then collected in a universal tube. The cell suspension was then 

spun for 5 minutes at 900rpm, supernatant was aspirated off and the pellet was re-

suspended in growth medium. The cell suspension was then split between the required 

number of dishes and placed in the incubator.  

To cryopreserve the cells, the steps of sub-culturing were followed by until the 

resuspension of the pellets. In this case, pellets were resuspended in freeze mix instead of 

growth medium and collected in 2ml cryovials, vials were then stored in -80ºC. To 

resuscitate the cells, cryovials were first placed in 37ºC water bath to defrost. In the 

meantime, cell culture dishes were prepared by adding 5ml of growth medium. Defrosted 

cells were then placed in the culture dishes containing growth medium and incubated. 

After 3-4 hours dishes were checked for cell attachment. If the cells had attached to the 

dish, fresh medium was added. The cell culture logbook was maintained in all cases. 

 

 



121 
 

 

 Cell growth curve 

To record the growth characteristics of each cell line before starting any experiments. A 

typical growth curve for cultured cells is used to display the pattern of growth. Every cell 

line was plated at a density of 1x105 cell/ml per 35mm dish in 10%FCS MEM, the cells 

attached overnight and a baseline cell count performed using a Biorad cell counter. The 

medium was changed into NGF test conditions and serum free MEM (SF) used as 

negative control, the rate of the growth of each cell line was calculated by counting the 

total number of cells for 24, 48 and 72-hours. 

  

 MTT (3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) 

colorimetric assay 

The MTT assay is a colorimetric assay for assessing cell viability and metabolic activity. 

The MTT assay has been used in variety of applications for example, it measures cell 

proliferation in response to drugs, to measure the growth inhibitory antibodies. The living 

cells have the ability to reduce the yellow tetrazolium salt into a coloured formazan 

compound. This process only occurs when mitochondrial reductase enzymes are active.  

The stock culture dishes were checked under the microscope to see cell morphology, 

degree of confluence, presence and absence of bacterial and fungal contamination. The 

dishes were washed twice with Hanks Balanced Salt solution (5ml per 90mm dishes). 

Trypsin was then added to the dishes (2ml per 90mm) and kept in the incubator for 5 

minutes. Once the cells were detached, trypsin was inactivated by adding double amount 

of 10%FCS MEM. 10µl of cell suspension was removed by using a Pipette and 

transferred into the BioRad counting slide. The slide was then inserted into TC10 cell 

counter. Then the volume of cell required for plating was calculated and put into a 

universal tube and centrifuged for 5 minutes.  

 

https://en.wikipedia.org/wiki/Colorimetry_(chemical_method)
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For cell adhesion assays, the cell pellet was suspended into 10%FCS MEM and 100µl 

cell suspension was placed into each well of a 48 well plate and 100µl of the NGF the 

test condition diluted in SF. The plates were then kept in the incubator to be read at the 

following times 2, 4, 6 and 24-hours. 

 

For cell proliferation assays, the cell pellet was resuspended into 10%FCS MEM and 

then 200µl cell suspension placed into each well of each plate, four plates were then kept 

in the incubator overnight at 37ºC,  the following day, the media was then changed into 

NGF test conditions (200µl per well) and the plates were read at 6, 24, 30 and 48-hours. 

 

The specific procedure of reading the plate is briefly discussed below: 

The media in the wells were removed by gently tapping the contents out into a paper 

tissue and they were washed twice with SF (200µl per well), then 2ml of 2mg/ml MTT 

stock solution and 8ml of SF were added into universal tube (200µl per well). After 

adding these solutions into the plates, the plate was kept in 5%CO₂ incubator for 3-hours. 

During the incubation period, the yellow MTT solution was reduced to purple formazan. 

After 3-hours, the supernatant was removed and 200µl of DMSO was added per well. 

DMSO is toxic, so all the paper tissues were disposed in the yellow bin. Then the plate 

was put on the shaker for 20 minutes, DMSO dissolves the formazan producing a coloured 

solution. The optical density (OD) was read by using two wavelengths reading on a plate 

reader at 540nm and reference filter 630nm. 
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 Scatter assay 

Cell scattering is used to describe the dispersion of compact colonies of each cell line 

induced by certain soluble factors such as growth factors, to study epithelial-

mesenchymal transition (EMT) and to detect if the growth factor is able to induce the 

migratory behaviour of cells (Chen, 2005). Cells were seeded at a density of 5x104 

cells/ml per 35mm dish in 10%FCS MEM. The cells attached overnight and then the 

medium was changed into test conditions (NGF ± inhibitor) and SF used as negative 

control. 

The cultures were assessed for the scattering of the cellular colonies under the effect of 

the test conditions for 24 and 48-hours. To test if the changes were permanent, the overlay 

of the cells changed to 10%FCS MEM media and the morphology was monitored for 24 

and 48-hours. Cell scattering was examined by an Olympus IX70 inverted microscope 

with a CCD camera attached.  

 

 Modified Boyden Chamber Assay 

The Boyden chamber is based on the chemotaxis mode of cell migration in which cells 

migrate toward the concentration gradient of chemoattractant (Chen, 2005). A 48-well 

Boyden chamber (Neuroprobe) (Figure 21) was used for the in-vitro migration assays. 

Cells suspended in SF with bovine serum albumin (2µg/ml) (SF-BSA) were seeded into 

the upper compartment of the chamber. The lower compartment was filled with different 

concentrations of NGF, diluted with SF-BSA. The two compartments were separated by 

a porous membrane filter (8µm, Costar, UK) coated with type I native collagen. The 

Boyden chamber assay was done in duplicate, one chamber was incubated for 6 and other 

for 24-hours at 37ºC. The filter was then washed twice in PBS, fixed in cold methanol for 

5 minutes and stained with haematoxylin overnight. The cells on the upper surface of the 

filter were scraped off with a cotton swab. The membrane was then mounted onto a glass 
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slide and examined under bright field illumination at magnification x400. Six replicate 

wells were used per variable. The number of migrated cells adherent to the lower surface 

of the membrane was counted in 3 random fields per well. Data were expressed as mean 

cell number ± SD per field.    

 

 

 

 Wound-healing assay and immunofluorescence assay 

The wound-healing assay, a directional in-vitro 2D migration assay, was performed as 

described previously (Rodriguez et al., 2005). A cell monolayer was serum starved 

overnight and then a wound was made in the monolayer using a 100 µl pipette tip, the 

assay was then incubated in test conditions (NGF±inhibitor) for 24-hours and SF used as 

negative control.  Images were captured at the starting point (t=0h) to record the initial 

area of the wound and the recovery of the wounded monolayer due to cell migration 

toward the denuded area was evaluated after 24-hours (t=24h). The images were captured 

using an Olympus IX70 inverted equipped with an Olympus SC35 and XM10 digital 

cameras.  The area of wound was quantified by Image J software using the MRI wound-

healing tool. The migration of the cells toward the wounds was expressed as the 

percentage of wound closure as described earlier (Yue et al., 2010). 

Figure 19: Boyden Chamber (Chen, 2005) 
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For the immunofluorescence assay, after 24-hours of the wound-healing assay, the cells 

were fixed with cold methanol for 15 minutes and then washed with PBS. Cells were then 

treated with 0.2% Triton X-100 in PBS for 5 minutes, the area into which the cells 

migrated was ringed with Immunopen (Dako) and blocked with 5% (v/v) NGS (Vector 

Lab) in PBST (phosphate buffered solution with 0.1%Tween 20) for 30 minutes. The 

cells were then washed with PBS and incubated with anti-pAkt S473 (1:2000) or pAkt 

T308 (1:1600) or anti-pan Akt (1:400) antibodies diluted in 5% (v/v) NGS in PBST at 4 

ºC overnight. They were then washed twice with PBST, once with PBS and incubated 

with secondary antibody (1:1000) conjugated with Alexa Fluor 488 for 30 minutes at 

room temperature. After washing twice with PBST and once with PBS, sections were 

cover slipped with aqueous mounting medium (Sigma). Sections were then viewed with 

an Olympus IX70 inverted fluorescent microscope. Images were collected using an 

Olympus SC35 digital camera. All devices were controlled through Metamorph v6.1 

software (Molecular Devices) and CellSense software (Olympus). Images were then 

processed, and cell fluorescence measured by ImageJ software. Data were expressed as 

corrected total cell fluorescence (CTCF) (Luke Hammond, 2014).  

 

 Cell lysis, BCA Protein assay, SDS-PAGE and Western Blot 

5.5.7.1 Cell lysis 

Cells were grown on (around 80% confluent) 60mm culture dishes and then transferred 

to SF medium overnight, prior to the experiment. They were then transferred to the test 

conditions (NGF±inhibitor) for 24-hours. Cells were then washed with ice cold PBS and 

lysed on ice with RIPA buffer (50mM Tris HCl, 150mM NaCl, pH 7.4; 0.1% w/v SDS, 

1% v/v Triton x-100, 1% w/v sodium deoxycholate and 5mM EDTA) containing protease 
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and phosphatase inhibitors for 10 minutes. Cells were scrapped off the dishes after 10 

minutes and cell lysates were collected into Eppendorf tubes and frozen at -20°C. 

 

5.5.7.2 BCA Protein assay 

A protein assay was performed for the colorimetric detection and quantification of total 

protein using Micro BCA Protein Assay Kit (Thermo Scientific, USA). This method 

combines the well-known reduction of Cu+2 to Cu+1 by a protein in an alkaline medium 

with the highly sensitive and selective colorimetric detection of the cuprous cation (Cu+1) 

using a reagent containing bicinchoninic acid. The purple coloured reaction product of 

this assay is formed by the chelation of two molecules of BCA with one cuprous ion. 

Prior to BCA protein assay, the microplate was planned for standards and samples in 

triplicate, followed by defrosting lysate samples and this was spun for 5 minutes. In this 

assay only the supernatant was used. 

 

5.5.7.3 SDS-PAGE (sodium Dodecyl Sulphate – Polyacrylamide Gel 

Electrophoresis)  

SDS-PAGE was used to separate proteins according to their size. Prior to SDS-PAGE, 

proteins were denatured by heating at 95°C in a loading buffer containing SDS and a 

reducing agent, 2-Mercaptoethanol. Heating in this buffer causes denaturation of the 

proteins and loss of their 3D structures. SDS, an anionic detergent, binds to the denatured 

proteins. The amount of bound SDS is relative to the size and proteins therefore migrate 

according to their size when the current is applied. Protein molecular weight markers 

were also run on each gel for reference, to allow molecular weight estimation of the 

fractionated protein. For Western blotting Magicmark XP western standard was used. The 
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separated proteins were transferred to nitrocellulose membranes by western blotting 

followed by probing the blot with antibodies to identify specific proteins. 

The specific procedures of SDS-PAGE are briefly discussed below: 

Prior to use SDS-PAGE cell lysates were thawed and spun at 13,000 rpm for 5 minutes. 

Samples were then mixed with a specific volume of Laemmli sample loading buffer 

including 5% (v/v) 2- Mercaptoethanol. Samples were then heated at 95°C in a water bath 

for 5 minutes and loaded onto 10% or any kD Biorad TGX precast gels. Gels were then 

connected to a power pack set at the voltage of 140-180V and run for approximately 40-

50 minutes. Gel images were captured using Gel Doc Imaging System (BioRad) for total 

protein. After removing the gels from the cassette, they were placed into transfer buffer 

to be blotted. 

 

5.5.7.4 Western Blot 

Western blotting is a method used to transfer the protein bands from SDS-PAGE onto a 

membrane using an electric current. After transfer, the non-specific binding sites on the 

blot were blocked by incubation in blocking buffer. The immobilised bands were then 

probed with specific antibodies against the target proteins (primary antibodies). The 

primary antibody, which recognizes the target protein, was then added. Excess and 

unbound antibody was removed by washing the blot. The secondary antibody which 

recognises the primary antibody was then added and was labelled with the enzyme horse 

radish peroxide for visualisation. The location of this antibody was visualised by adding 

a substrate to the enzyme HRP generating chemiluminescence. 

The procedures of western blotting are briefly discussed below: 

After completion of SDS-PAGE, proteins from the gels were electro-transferred onto the 

nitrocellulose membranes at a constant voltage of 15V for 42 minutes. Blots were then 

blocked by incubation in blocking buffer (1%w/v dried milk in 1 TBST) for 10-30 
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minutes. Blots were then incubated with primary antibodies anti-pAkt T308 (1:1000), 

anti-pAkt S473 (1:2000) and anti-pan Akt (1:1000) overnight at room temperature. After 

washing with TBST blots were then incubated with goat anti-rabbit HRP conjugated 

secondary antibody (1:2000) for 60 minutes at room temperature. Immunoblots were then 

developed using a western C substrate kit and chemiluminescence was detected using a 

ChemiDoc imaging system. Total protein stain-free gel images were used to normalise 

and quantity the respective blot by Image lab software according to the manufacture’s 

instruction (BioRad). 

 Statistical analysis 

The data was analysed using the statistical package IBM SPSS 22. All experiments were 

done in triplicate. Differences in cell adhesion, proliferation, migration and percentage of 

the mean quantification of the Akt phosphorylation between negative control and 

different was carried out using Kruskal-Wallis test with Bonferroni post-test.  Differences 

were defined at 95% level of confidence and considered significant when the p-value was 

less than 0.05. 

 

5.6 Results 

 NGF enhances the growth of OSCC and SGM cells  

A growth curve analysis showed that NGF enhanced the growth rate of TYS and SAS-

H1 cells until day two compared with SF, with maximum growth at 10ng/ml and 

100ng/ml of NGF respectively. The growth of HSG and HaCaT cells were similar during 

the period of the culture until day two in SF and in different concentrations of NGF. The 

growth curves of each cell line are shown in Figure 22. 
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Figure 20 Cells growth curve for 72-hours incubation period. NGF enhanced the growth rate of 

TYS and H1 cells until 48-hours compared with SF, with maximum growth at 10ng/ml and 

100ng/ml of NGF respectively (A & B). Addition of NGF did not affect the growth pattern of 

HSG and HaCaT cells compared with SF (D &C). 



130 
 

 

 NGF enhances OSCC and SGM cell adhesion and proliferation  

Adhesion assay: at 2, 4 and 6-hours of incubation, the cell viability of TYS cells treated 

with 100ng/ml NGF was significantly higher than that those co-cultured with 0ng/ml 

NGF (P<0.05). However, this difference in cell viability of TYS cells treated with 

100ng/ml NGF was marginal after 24-hours incubation compared with the negative 

control. The cell viability of SAS-H1 cells co-cultured with 1ng/ml NGF was 

significantly higher than that when co-cultured with 0ng/ml NGF at 2,4 and 6-hours of 

incubation (P<0.05) (Figure 23. A and B). 

 

Proliferation assay: the cell viability of TYS cells treated with 10ng/ml NGF at 6, 24, 

30 and 48-hours incubation was significantly higher compared with the untreated cells of 

0ng/ml NGF (P<0.05). Similarly, the cell viability of SAS-H1 cells treated with 10ng/ml 

NGF was significantly higher than 0ng/ml, however this difference in cell viability was 

significant only at 30 and 48-hours incubation time (P<0.05) (Figure 24 A and B). 

 

The cell viability of HGS and HaCaT cells showed that NGF has no effect on adhesion 

or proliferation when used at a similar dose range of NGF as used for other cell lines and 

statistically there were no significant difference between the NGF treated cells compared 

with untreated cells at different incubation times (Figure 23 and 24. C and D). 
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Figure 21 Effect of NGF on the adhesion of TYS (A), SAS-H1 (B), HSG (C) and HaCaT (D) 

cultured with graded concentrations of NGF for 2, 4, 6 and 24-hours and processed by MTT assay. 

Bars represent 95% confidence interval of the mean of 4 independent sets of experiments.              

*P < 0.05 compared to cells treated with 0ng/ml of NGF in the same incubation time. 
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Figure 22 Effect of NGF on the proliferation of TYS (A), SAS-H1 (B), HSG (C) and HaCaT (D) 

cultured with graded concentrations of NGF for 6, 24, 30 and 48-hours and processed by MTT 

assay. Bars represent 95% confidence interval of the mean of 4 independent sets of experiments. 

*P < 0.05 compared to cells treated with 0 ng/ml of NGF in the same incubation time. 
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 NGF induce scattering in OSCC and SGM cells 

Cell scattering is a technique used to describe the dispersion of compact colonies of each 

cell line induced by NGF. After 24-hours incubation of TYS and SAS-H1 cells treated 

with different concentration of NGF, partial scattering was noticed where some of the 

cells within the colony begin to detach from their neighbouring cells and exhibit a shape 

resembling that of spindle-like fibroblastic morphology and scattered across the plate 

compared with non-treated cells. After 48-hours incubation, complete scattering was 

recorded where some of the cells lose cell to cell junctions and single cells can be seen. 

These cells have an elongated phenotype and are scattered across the plates when treated 

with NGF compared with non-treated cells, leading to a scatter phenomenon (Figure 25. 

A.1 and B.1). These changes in morphology in both TYS and SAS-H1 cells were 

reversible and a noticeable change in morphology was noticed in TYS and SAS-H1 cells 

where the cells regained back their flattened morphology with compact colonies after 

changing the overlay to 10%FCS MEM media for 48-hours incubation (Figure 25. A.2 

and B.2). On the other hand, the NGF-treated HSG and HaCaT cells did not dissociate 

from each other and showed flattened morphology with or without NGF (Figure 25. C 

and D).  

To confirm the involvement of the Akt pathway in cellular scattering via the use of an 

Akt inhibitor, TYS and SAS-H1 cells were treated with 5µM concentration of MK-2206 

alone and with 10ng/ml NGF for 24, 48-hours. MK-2206 alone or in combination with 

NGF effectively blocks the scattering of both cells during the different incubation time 

compared to SF (Figure 25. E and F).
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Figure  23 The scattering of the cells in response to NGF. A.1 & B.1. TYS and SAS-H1cells respectively in the absence of NGF (SF) and presence of 

different concentration of NGF during 24 and 48-hours observation. Images illustrate the scattering as cells remain in colony in the absence of NGF (SF) 

(red arrow). Partial scattering of the colonies where the cells exhibit an elongated phenotype (yellow arrows) and complete scattering where some loss of 

cell to cell junctions and single cells with an elongated migratory phenotype (green arrows). A. 2 and B. 2. NGF induced reversible EMT responses in 

TYS and SAS-H1 cells after 48-hours treatment of the cells with 10%FCS MEM, upon the removal of NGF. The cells gradually regained their original 

phenotype with compact colonies and established cell to cell junctions (blue arrow). C& D. NGF does not mediate EMT in HSG and HaCaT. The cells 

did not dissociate from each other and showed flattened morphology with or without NGF. (All images were taken at x100 magnification) (All images 

captured using an Olympus SC35 digital camera at x100 magnification). E& F. TYS and SAS-H1cells respectively in presence of 10ng/ml of NGF, 

10ng/ml of NGF with 5µM and 5µM of MK-2206 during 24, and 48-hour observation. MK-2206 alone or in combination with NGF effectively blocks 

the scattering of both cell lines during the different incubation time compared to SF. (All images were captured using an Olympus XM10 digital camera 

at x100 magnification). 
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 NGF can stimulate OSCC and SGM cells to migrate 

Cell migration experiments were performed using wound-healing and modified Boyden 

assays.  Different concentrations of NGF were used to investigate the role of this growth 

factor in the migration of TYS and SAS-H1, HSG and HaCaT cells. 

24-hours observation of cell migration in the wound-healing assay showed that NGF 

stimulated the migration of TYS and SAS-H1 cells (Figure 26. A and B), whereas HSG 

and HaCaT cells were not stimulated to migrate in response to the NGF (Figure 26. C and 

D). The highest percentage of wound closure of TYS and SAS-H1 cells at 24-hours after 

wounding was 91% and 94% in 100ng/ml of NGF compared with 62% and 54% of wound 

closure in 0ng/ml respectively (p=<0.05) (Figure 27. A and B). There was no significant 

difference in the percentage of wound closure in the negative controls compared with the 

different concentrations of NGF after 24-hours of wounding in both HSG and HaCaT 

cells (Figure 27. C and D).  

MK-2206 alone and with 10ng/ml of NGF were used to confirm the role of this growth 

factor in the cell migration of TYS and SAS-H1 cells via the wound-healing assay for 24-

hours observation. MK-2206 alone or in combination with NGF effectively blocked the 

migration of both cell lines compared to SF (Figure 28. A and B). 

Different concentrations of NGF were used to investigate the role of this growth factor 

on cell migration in TYS, SAS-H1, HSG and HaCaT cells using a modified Boyden 

chamber assay. Due to unresponsiveness of HSG cells upon NGF treatment on migration 

after 6-hours chamber incubation, the results presented here are for 24-hour chamber 

incubation. A similar result was obtained as in the wound-healing assay, where NGF 

stimulated the migration of TYS and SAS-H1 cells compared with SF (0ng/ml) (Figure 

29. A and B) and this migration displayed a dose response effect with maximal 

stimulation at approximately 100ng/ml NGF (p<0.05). However, HaCaT and HSG cells 

were not stimulated to migrate in response to NGF (Figure 29. C and D).
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Figure 24 Wound-healing assay. Images have shown variable migratory behaviour of different cell lines. Scratch assays of TYS (A) and SAS-H1 (B) 

cells showed migration even in SF conditions and in response to different concentrations of NGF over 24-hours treatment. HSG (C) and HaCaT (D) cells 

showed no migratory response upon NGF treatment. (All images were taken at x100 magnification).
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Figure 25 The percentage of wound closure as assessed by the wound-healing assay. Migration 

of A.TYS, B. SAS-H1, C. HSG and D. HaCaT cells after wounding in in-vitro scratch assay. The 

effect of NGF on cell migration were plotted as a percentage of wound closure. The results are 

expressed as means with differences defined at 95% level of confidence * p<0.05, relative to 

negative control. 
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Figure 26 Wound-healing assay of TYS and SAS-H1cells with the use of 5µM MK-2206 (Akt inhibitor) showed that MK-2206 alone or in combination 

with 10ng/ml of NGF effectively blocks the migration of both cell lines compered to SF (All images were captured using an Olympus XM10 digital 

camera at x40 magnification). 
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Figure 27 Boyden Chamber migration assay. Variable migratory responses of different cell 

lines treated with NGF obtained by modified Boyden chamber migration assay (24-hour 

incubation) compared with the negative control (0ng/ml NGF as baseline). A. TYS. B. SAS-H. 

C. HSG and D. HaCaT. The effects of NGF on cell migration were plotted as mean number of 

cells migrated. The graph results are expressed as means with differences defined at 95% level 

of confidence, * p<0.05, relative to negative control. 
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 NGF-induced OSCC and SGM cell migration with Akt phosphorylation  

After 24-hours of wound-healing assay observation, immunocytochemistry of the fixed 

cells showed the localisation of phosphorylated Akt. NGF induced TYS and SAS-H1 

cells showed a cytoplasmic phosphorylation of Akt T308 and Akt S473 (Figure 30. A and 

B). NGF induced pan (total) was not upregulated in both TYS and SAS-H1 cells (Figure 

30. C). The corrected total cell fluorescence (CTCF) of pAkt T308 in NGF induced TYS 

and SAS-H1 cells was higher in 100ng/ml and 10ng/ml NGF respectively (P<0.05) 

(Figure 31. A and B). Whereas, the CTCF of pAkt S473 was higher in 100ng/ml NGF 

induced TYS and SAS-H1 cells (P<0.05) (Figure 32. A and B). MK-2206 is a highly 

selective inhibitor of the PI3K/AKT pathway which inhibits the auto-phosphorylation of 

both Akt T308 and S473. To elucidate the effect of PI3K inhibitor on the phosphorylation 

of Akt, TYS and SAS-H1 cells were treated with different concentrations of MK-2206 

(10µM, 5 µM, 1 µM) alone and with 10ng/ml NGF for 24-hours. MK-2206 alone or in 

combination with NGF effectively blocks the phosphorylation of Akt T308 and Akt S473 

in TYS and SAS-H1 cells (Figure 33. A, B and C). No phosphorylation of Akt T308, Akt 

S473 and pan Akt was observed in HSG and HaCaT cells.  
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Figure 28 Immunofluorescence assay. Immunofluorescence staining of TYS and SAS-H1 cells fixed after 24-hours and immunolocalised for pAkt with 

a fluorescent labelled antibody. Cells treated with NGF showed cytoplasmic localisation of pAkt T308 (A), pAkt S473 (B) and pan Akt (C). All the 

fluorescent images were captured using an Olympus SC35 digital camera at x200 magnification. 
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Figure 29 The CTCF of pAkt T308 in NGF induced TYS (A) and SAS-H1(B) cells. The results 

are expressed as mean of CTCF with differences defined at 95% level of confidence * p<0.05, 

relative to negative control. 

Figure 30 The CTCF of pAkt S473 in NGF induced TYS (A) and SAS-H1 (B) cells. The 

results are expressed as mean of CTCF with differences defined at 95% level of confidence  

* p<0.05, relative to negative control. 
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Figure 31. Immunofluorescence staining of TYS and SAS-H1 cells treated with MK-2206 (10µM, 5 µM, 1 µM) alone and with 10ng/ml NGF for 24-

hours and immunolocalised with fluorescent labelled antibody for pAkt T308 (A), pAkt S473 (B) and Pan Akt (C). All the fluorescent images were 

captured using an Olympus XM10 digital camera at x400 magnification. 
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 NGF triggered the PI3K/AKT pathway in OSCC and SGMs cells 

All the cell lines were treated with different concentrations of NGF for 24-hours and 

analysed for phosphorylation at Akt at T308, S473 and pan Akt (60 kDa). 

Phosphorylation of Akt at T308 and S473 was increased in NGF-induced TYS and SAS-

H1 cells compared with the negative control (p<0.05). The highest increase in Akt 

phosphorylation was stimulated by an NGF concentration of 100ng/ml in both TYS and 

SAS-H1 cells. The NGF induced Akt S473 phosphorylation in TYS and SAS-H1 cells 

was increased compared with the negative control, with the highest increase in Akt 

phosphorylation at S473 at NGF concentrations of 10ng/ml and 100ng/ml. There was no 

phosphorylation at T308 and S473 in HSG cells in SF and at different NGF 

concentrations. However, phosphorylation of Akt at T308 and S473 was constant in 

HaCaT cells compared to the negative control and with increasing NGF concentration. 

Total Akt protein level (pan-Akt) was not upregulated in any of the cell lines. MK-2206 

is a selective inhibitor of the PI3K/AKT pathway, to elucidate the effect of PI3k inhibitor 

on the phosphorylation of Akt, TYS and SAS-H1 cells were treated with MK-2206 

(10µM, 5 µM, 1 µM) alone and with 10ng/ml NGF for 24-hours. Akt phosphorylation at 

T308 and S473 was effectively blocked by different concentrations of MK-2206 in these 

both cells. The total Akt (pan Akt) was consistent in both cells treated with Akt inhibitor 

with and without NGF. Figure 34 illustrate the status of Akt phosphorylation at T308, 

S473 and pan Akt in different cell lines with a spectrum of NGF concentrations and the 

inhibitor. Table 20 represents the quantification percentage of phosphorylation at T308, 

S473 and pan Akt with a spectrum of NGF concentrations and the inhibitor. 
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Figure 32 Western blot experiments of Akt phosphorylation in four cell lines with a spectrum of NGF concentrations and inhibitor. (A) pAkt T308 

phosphorylation in TYS, SAS-H1, HSG and HaCaT with NGF concentrations. (B) pAkt S473 phosphorylation and (C) total Akt protein in the same cell 

lines. (D) pAkt T308 phosphorylation in TYS and SAS-H1 cells with MK2206 inhibitor alone and with NGF. (E) pAkt S473 phosphorylation and (C) 

total Akt protein in the same cell lines with the same condition as in (D). All the images were cropped from the original blot images. 0ng/ml NGF used 

as a negative control. * denote significant changes in levels of phosphorylation. 
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A. pAkt Thr308 quantification % 

Cell SF  500pg/ml  1ng/ml 10ng/ml 100ng/ml 200ng/ml 

TYS  100 163 196* 227* 239* 143 

SAS-HI 100 114 126* 135* 149* 113 

HaCaT 100 81 88 100 93 96 

B. pAkt Ser473 quantification % 

TYS 100 120 136* 147* 129* 101 

SAS-H1 100 120 159* 169* 187* 155* 

HaCaT 100 89 90 94 90 88 

C. Pan Akt quantification % 

TYS  100 91 96 107 98 95 

SAS-HI 100 106 101 95 91 98 

HaCaT 100 93 98 88 92 89 

Each value represents % change. * denote significant changes in phosphorylation. 

 

 

 

 

 

 

Table 20 Quantification of percentage changes in pAkt T308 (A), S473 (B) and pan Akt 

(C) levels in different cell lines. SF was used as a negative control. 
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5.7 Discussion 

The infiltration of cancer cells into the nerve tissues is an important step in the process of 

PNI, and NGF might play a role in the process of PNI in OSCC and SGMs (Wang et al., 

2006). The study of NGF and the Akt activation by NGF in different cells lines isolated 

from oral and salivary gland cancer cells remains unknown. In this study, we have tested 

four different cell lines ranging from normal epithelial to oral and salivary gland cancer 

cells to investigate the effect of NGF on morphology, adhesion, proliferation and 

migration capabilities. Our findings indicate that cancer cells upon treatment with NGF 

experienced some changes in cell-cell contact and increased cell growth, suggesting it is 

possible that, NGF can stimulate the adhesion and proliferation abilities of OSCC and 

SGMs cells to the nerves and facilitate the migration of cancer cells from the primary site, 

promoting their penetration into the sheath of the nerve and hence PNI. Similar results 

were reported where NGF stimulated the adhesion, proliferation and migration in breast, 

pancreatic and prostate cancers and AdCC  (Di Donato et al., 2019, Luo et al., 2010, 

Lagadec et al., 2009, Wang et al., 2006, Zhu et al., 1999). However, the role of NGF in 

the enhancement of adhesion in the process of PNI, may require activation of some cell 

adhesion molecules such as integrins, cadherins and intercellular adhesion molecule-1that 

are known to be involved in the process of cancer invasion and metastasis in OSCC and 

AdCC (Lyons and Jones, 2007, Lyons and Jones X.-T. Xie, 2005, Thomas et al., 1997). 

This supports the finding of a study concluded that NGF is not the only factor involved 

in adhesion capabilities  of cancer cells in the PNI process of AdCC (Luo et al., 2010). 

Our findings also indicate that NGF has a scatter effect on OSCC and adenosquamous 

cells, as these cells undergo a morphological change from an epithelial to mesenchymal-

like phenotype upon treatment with NGF. These results suggest that NGF promotes EMT-

like changes and that NGF is able to induce the migratory behaviour of these cells and 

therefore may promote PNI.  This EMT-like change was reversible, and cells undergo the 
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reciprocal mesenchymal-like to epithelial transition. These results are in agreement with 

previously published studies, that in-vitro NGF pre-treatment of breast cancer cells 

promoted EMT (Tomellini et al., 2015), the reversibility of EMT-like changes induced in 

OSCC and adenosquamous cells presented here was supported by Jo et al ., who 

suggested that the EMT may be reversed by reoxygenation in breast cancer cells (Jo et 

al., 2009). This raises the question whether EMT is thought to promote epithelial cancer 

metastasis (Thompson and Newgreen, 2005). Adhesion, proliferation and scattering in 

response to the addition of NGF is only upregulated in OSCC and adenosquamous cells 

from a minor salivary gland, however, NGF did not stimulate cell scattering, adhesion, 

proliferation and migration in a neoplastic duct cell line from a submandibular salivary 

gland and normal keratinocytes.  

The serine/threonine kinase Akt lies at a critical signalling node downstream of PI3K/ 

Akt and is important in promoting cell migration and survival. Therefore, an Akt inhibitor 

may be particularly useful for cancers in which increased Akt signalling is associated with 

reduced sensitivity to cytotoxic agents or receptor tyrosine kinase inhibitors (Hirai et al., 

2010). In this study, the four different cell lines were exposed to various concentrations 

of NGF and this resulted in phosphorylation of Akt both at T308 and S473 residues in 

OSCC and adenosquamous cells. The phosphorylation at these both residues and its 

intensity depend on NGF concentration and cell type. Furthermore, OSCC and 

adenosquamous cells were stimulated to migrate in response to NGF with an increase in 

phosphorylation of Akt at S473 and T308. The data presented here is evidence that NGF 

can induce the PI3K/AKT pathway and that NGF cause phosphorylation of Akt at T308 

and S473 in oral and salivary cancer cells. 

The addition of MK-2206, a highly selective inhibitor of PI3K/AKT pathway inhibited 

the phosphorylation of Akt at S473 and T308 in OSCC and adenosquamous cells. These 

results support previously published data that reports MK-2206 inhibited the proliferation 
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of human cancer cells in combination with anticancer agents in-vitro (Hirai et al., 2010). 

These findings suggest that Akt inhibition may augment the efficacy of existing cancer 

therapeutics; thus, MK-2206 is a promising agent to treat cancer patients who receive 

these cytotoxic agents. However, MK-2206 exhibited no significant clinical activity in 

patients with breast cancer in phase I clinical trials when it was combined with endocrine 

therapy. This was due to the development of a rash, hyperglycaemia and slow resolution 

of this toxicity, resulting in some patients discontinuing the treatment. These results raise 

concerns about the development of Akt inhibitors in patients whose tumours have known 

dependence on the PI3K/AKT pathway (Jansen et al., 2016).  

The neoplastic duct cell line derived from submandibular salivary gland cells (HSG) 

which are considered as human intercalated duct cell lines carrying carcinogenicity, were 

taken surgically from human submandibular salivary gland tissue from a patient who 

received therapeutic irradiation for carcinoma of the floor of the mouth (Shirasuna et al., 

1981). Surprisingly, these cells showed no morphological changes upon NGF treatment, 

and different concentrations of NGF treatment also has no effect on adhesion, 

proliferation and migration, therefore, these cells did not show any phosphorylation of 

Akt at T308 or S473 residues either by immunocytochemistry or western blot analysis. It 

should be noted that HSG cells used here were grown on plastic culture dishes and had 

not differentiated into the “acinar state” cell line described below. A study investigating 

the effect of several growth factors involved in cell differentiation on the activity of 

salivary proteins such as amylase and kallikrein in HSG cells, found that NGF had  very 

little effect when the HSG cells were grown on plastic culture plates (Zheng et al., 1998). 

However, HSG cells differentiate into an acinar phenotype and display changes in 

morphology when the cells are grown only on Matrigel and laminin-1, whereas HSG cells 

cultured on plastic grew as a monolayer with a typical epithelial appearance. These 

findings support a previous study that developed an in-vitro model of salivary gland 
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acinar cell differentiation using HSG cells cultured on Matrigel and demonstrated that 

both laminin-1 and transforming growth factor beta 3 (TGF-β3) are important for HSG 

cell differentiation to an acinar phenotype (Hoffman et al., 1996). Taking into 

consideration the previous published studies and our data, we suggest that HSG require a 

pre-treatment condition involving the addition of extracellular matrix proteins and growth 

factors in order to differentiate into acini and acquire a malignant phenotype.   

In conclusion, NGF can stimulate morphological differentiation, adhesion, proliferation 

and migration in OSCC and SGM cells, therefore potentially enhancing PNI and possibly 

facilitating metastasis. Akt is phosphorylated at both residues controlling OSCC and 

SGM cell migration, and the addition of the Akt pathway inhibitor blocks the NGF-

induced OSCC and SGM cell scattering and migration and therefore blocking NGF may 

offer a therapeutic approach in the future.  
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6 Chapter. Final discussion, Conclusion, Limitations of the study 
and Future Studies 
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6.1 Final discussion 

PNI is observed when neoplastic cells travel along nerve tracts far from the primary 

lesion, and is recognised as one of the most important prognostic factors in OSCC and 

SGMs (Zhu et al., 2019, Amit et al., 2016a, Dantas et al., 2015, Barrett and Speight, 

2009). A number of neurotrophic agents have been identified as being of possible 

importance in the mechanism of PNI in OSCC and SGMs such as NGF and its high 

affinity TrkA receptor (Chatzistefanou et al., 2017). 

Our study showed that the incidence of PNI was 17.4% in OSCC and 36.4% in SGMs, 

this is consistent with the trend of overall frequency of PNI that ranges from 2.5 to 71% 

in OSCC and 23%-96% in SGMs. The vast majority of PNI-positive tumours in the cohort 

of OSCC and SGMs were tumours arising in the tongue and parotid gland respectively. 

These results are in keeping with other studies where heterogeneous anatomical sites were 

employed (Schmitd et al., 2018a, Shang et al., 2007). A high incidence was also reported 

in AdCC among the SGMs, which is similar to the findings reported by others (Huyett et 

al., 2018, Amit et al., 2015, Barrett and Speight, 2009). In the present study with respect 

to PNI in OSCC there were multiple pathological factors that were strongly associated 

with advanced tumour size, presence of nodal and extracapsular extension, increased 

depth and infiltrative pattern of invasion, poor tumour differentiation and lymphovascular 

invasion, while SGMs with PNI exhibited a greater potential only for lymphovascular 

involvement. Our results are consistent with a number of published studies  (Cracchiolo 

et al., 2018, Huyett et al., 2018, Aivazian et al., 2015). 

It was hypothesised that some neurotrophic factors and their receptors may play a role in 

the mechanism of PNI. We demonstrated a higher presence of cytoplasmic/nuclear NGF 

(84%) and cytoplasmic/surface TrkA (92%) expression levels in OSCC with PNI by IHC, 

however TrkA (86%) not NGF (50%) immunoreactivity was more intensely present in 

SGMSs with PNI than in tumours without PNI. The data obtained from this study also 
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revealed that there is a significant correlation between NGF/TrkA overexpression and 

PNI in OSCC but not in SGMs. However, there was a positive relationship between the 

expression of NGF and TrkA in both OSCC and SGMs. Beside the tumour cells, the 

nerves in OSCC and SGMs section expressed both NGF and TrkA as these proteins are   

important regulators in the neural system (Molloy et al., 2011). Our results partially agree 

with these reports (Kolokythas et al., 2010, Hao et al., 2010, Wang et al., 2006). This 

supports the hypothesis of a reciprocal interaction of tumour cells and nerves, in which 

NGF protein is secreted by both tumour cells and nerves binds to TrkA receptors on cell 

surfaces may promote cancer cell proliferation and migration in an autocrine action. This 

may act as a positive chemotactic factor for nerves facilitating neural outgrowth and 

therefore induce the physical contact between the tumour and nerve in paracrine actions 

leading to PNI (Roh et al., 2015, Wang et al., 2006). We also examined the effect of NGF 

on cell lines derived from explants of OSCC and SGMs, and our findings indicated that 

NGF stimulation has an adhesion, proliferation, scattering and migratory effect on OSCC 

with a morphological change from epithelial to mesenchymal-like phenotype which is a 

characteristic for the invasive behaviour of tumours. This effect of NGF on tumour cells 

in both ex-vivo and in-vitro samples may suggest that NGF can facilitate tumour cells 

disassociation from each other to be able to travel away from the primary lesion and 

penetrate the nerve sheath and therefore PNI. The data presented here is evidence that 

NGF exerts these effects on OSCC and SGMs via its receptor TrkA by activating 

PI3K/Akt pathway, and that NGF phosphorylates Akt T308 and S473 in OSCC and 

SGMs leading to migration and potentially enhancing PNI.  Furthermore, the addition of 

Akt inhibitor (MK-2206) blocks the NGF-induced OSCC and SGMs scattering and 

migration as well as the phosphorylation of Akt at both residues confirming the 

involvement of PI3K/Akt pathway in OSCC and SGMs that may offer a therapeutic 

approach in the future. This proposal is consistent with ex-vivo and in-vitro studies 
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showing that NGF and TrkA might be a factor in cancer cell migration and therefore 

invasion of the nerves in AdCC. The Akt is phosphorylated in AdCC tissues suggesting 

that the PI3K/Akt signalling pathway has an important role in salivary gland 

carcinogenesis (Ouyang et al., 2017, Volker et al., 2009, Wang et al., 2006).   

PNI is associated with pain generation and facial nerve palsy in patients with OSCC and 

AdCC respectively (Huyett et al., 2018, Yeh et al., 2016, Dantas et al., 2015). In this 

study, PNI significantly contributed to pain in OSCC and to facial nerve weakness in 

SGMs patients at the time of diagnosis which may suggest that pain and facial nerve palsy 

could be a predictive for PNI in OSCC and SGMs. The literature hypothesised that 

NGF/TrkA which mediate tumour cell invasion into the nerves might be involved in pain 

generation in pancreatic cancer (Wang et al., 2014, Zhu et al., 1999). The other potential 

finding in this study that has not yet been investigated in OSCC is that the overexpression 

of NGF might influence pain generation in patients with OSCC and we can assume that 

upregulation of NGF might be a mediator of pain in OSCC. Interestingly, NGF and TrkA 

upregulation were correlated significantly with lymphovascular invasion and advanced 

DOI of <4mm in OSCC, this may contribute to the theory that NGF/TrkA may induce 

lymphovascularisation around the nerves due to invasive behaviour of tumour toward the 

nerves (Hao et al., 2010). 

The statistical analysis in our study showed that the 5-years survival curve was 

significantly worse when PNI was observed in DSS of OSCC and OS, DSS and DFS of 

SGMs, therefore PNI can be used as an in indicator of poor prognosis and aggressive 

behaviour in OSCC and SGMs. These results are with an agreement with other studies 

that investigated the effect of PNI on patient’s survival (Zhu et al., 2019, Cracchiolo et 

al., 2018, Amit et al., 2015, Chen et al., 2013, Liao et al., 2008). However, NGF and TrkA 

expression were not associated with the patient’s 5-years OS, DSS and DFS in both 

cohorts of OSCC and SGMs which conflicts with reports in the literature. The variation 
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in the prognostic significance of PNI and NGF/TrkA expression in OSCC and SGMs in 

the literature and our study, are probably due to retrospective study design and the 

limitation in the number of cases analysed where the distribution of parameters between 

PNI-positive and PNI-negative group was not equal in number, which might reduce the 

predictive power of NGF and TrkA as markers in regards to survival status.  Furthermore, 

other limitations of this study are that it was limited to a single institute with a small 

sample size, short follow-up period and different SGMs pathologies could have 

contributed to these conflicting results. 

One of the strengths of this study is that it includes a large, well characterised cohort of 

474 cases of OSCC and SGMs from geographically defined population diagnosed and 

treated from 1992 to 2014 in NHS Tayside and followed for 5-years or until death. It is 

the first study to report the incidence and prognostic impact of PNI as a pathologic entity 

on patients with OSCC and SGMs in Scotland. It has also that highlighted the potential 

of NGF and TrkA as biological markers of PNI-related OSCC and SGMs.  

 

6.2 Conclusion 

Retaining the null hypotheses with acceptance or rejection will be listed first to confirm 

the general findings of the study. 

Null hypothesis H01: PNI in OSCC and SGMs is not associated with a poor prognosis, 

disease recurrence and an increased probability of regional and distant metastasis. 

• The null hypothesis was rejected.  

 

Null hypothesis H02:  NGF and TrkA expression could not be used as biological markers 

for PNI in OSCC and SGMs ex-vivo. 

• The null hypothesis was rejected.  
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Null hypothesis H03:  NGF/TrkA does not utilise the PI3K/Akt signalling pathway in 

OSCC and SGMs and therefore has no link to PNI in-vitro.  

• The null hypothesis was rejected.  

 

The following list summarises the main findings of this project: 

1. The incidence of PNI was 17.4% in OSCC and 36.4% in SGM patients who were 

diagnosed and treated from 1992 to 2014 in Tayside, Scotland. 

2. PNI is a predictive factor for pain at diagnosis, advanced tumour size, nodal and 

extracapsular metastasis, increased depth and infiltrative pattern of invasion, poor 

tumour differentiation and lymphovascular invasion in OSCC. 

3. Facial nerve palsy and lymphovascular invasion were significantly associated 

with PNI in SGMs. 

4. PNI is a prognostic indicator of the outcome in patients with OSCC and SGM, 

therefore PNI may be used as an indicator of aggressive behaviour in OSCC and 

SGMs. 

5. A higher level of expression of NGF and TrkA may enhance PNI in paracrine and 

autocrine manners in OSCC, both NGF and TrkA may constitute a reason for PNI 

and therefore can be considered as biological markers for PNI in OSCC. 

6. NGF might have a role to play in the experience of pain in PNI-related OSCC 

patients. 

7. Significant correlations were found between NGF and TrkA overexpression with 

lymphovascular invasion and increased DOI in OSCC that supports that NGF and 

TrkA can predict the aggressiveness of tumours in OSCC patients. 

8. There were no association of NGF and TrkA expression levels with patient’ 5-

years survival rate in OSCC and SGMs. 
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9. NGF can stimulate morphological differentiation, adhesion, proliferation and 

migration in OSCC, and therefore potentially enhance PNI.  

10. NGF via its receptor TrkA activates the PI3K/Akt pathway and induces the 

phosphorylation of Akt T308 and S473 in OSCC and SGMs in-vitro leading to 

cell migration and possibly facilitating PNI. 

11. The predictive role of Akt activation and cell migration in OSCC and SGMs 

suggests that targeting the PI3K/Akt pathway might be a useful strategy for 

therapy in these diseases. 

12.  The addition of Akt inhibitor (MK-2206) blocked the NGF-induced OSCC and 

SGMs scattering and migration as well as the phosphorylation of Akt at both 

residues confirms the involvement of the PI3K/Akt pathway in OSCC and SGMs, 

which can be used as a potential therapeutic approach in the future. 

 

6.3 Limitation of the study  

This was a retrospective study and the data related to certain pathological features was 

missing in this study for the cases where surgery was not principally a treatment modality 

and specimens available were only diagnostic biopsies. Cause of death data was obtained 

from the General Register Office (GRO) and may be subject to errors as with many 

national registration systems, therefore, relying only on information from the GRO death 

certificate, the number of OSCC and SGMs deaths may have been overestimated. The 

SGMs cohort was limited to one institute with a small sample size and different salivary 

gland pathologies.  
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6.4 Further studies 

Future work should re-evaluate the incidence of PNI in OSCC and SGMs by 

immunohistochemistry with S-100 and cytokeratin to distinguish nerves from tumour. 

Moreover, subcategorising the histological PNI depending on the location and extent of 

PNI into perineural and intraneural, and unifocal and multifocal respectively, and also 

analysis of  nerve-tumour distance and nerve diameter in tissue specimens to investigate 

their correlation with clinical outcomes needs to be re-evaluated by microscopic analysis 

of the H&E sections of patient samples. 

More work is needed to compare the levels of expression of other factors that likely to be 

involved in PNI such as BDNF, NT-3 and NT-4, NCAM, chemokines and their receptors 

in ex-vivo and in-vitro OSCC and SGMs, to determine whether they are predictors for 

PNI. Investigating the other signalling pathways activated by NGF binding to TrkA and 

p75NTR receptors that mediate an opposing effect of survival and apoptosis should be also 

further investigated in the future. Additional work is required to investigate the 

relationships between NGF and cell adhesion molecules with PNI in OSCCC and SGMs. 

It would be interesting to isolate the RNA from OSCC and SGMs tissues for gene 

expression analysis of NGF and TrkA and their regulatory pathways by real-time PCR to 

correlate RNA and protein expression levels. 

Design of an in-vitro model of co-culture nerve and tumour cells and how they are 

affected by neurotrophic molecules in a three-dimensional culture system is needed to 

understand how PNI is regulated in OSCC and SGMs. More research studies on the effect 

of MK-2206, the Akt inhibitor, in a mouse model of oral and salivary gland cancer to 

elucidate its therapeutic benefit would be of interest. Finally, a multicentre study 

including a large cohort of SGMs with longer follow-up is needed to more accurately 

define the relevance of PNI to the expression of various neurotrophic factors in ex-vivo. 
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1  | INTRODUC TION

The oral cavity, including the lip, is the sixth most common cancer 
in the world.1 Oral squamous cell carcinoma (OSCC) accounts for 
more than 90% of all oral cancer.2 OSCC is associated with a poor 

5-year survival rate of <50%, and this is due to the spread of OSCC 
to regional and distant sites.3 One of the significant features of can-
cer cells facilitating spread is their ability to detach from the epithe-
lium, break through the basement membrane and access lymphatic, 
vascular and nerve tissues.4 Perineural invasion (PNI), also called 
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perineural spread and neurotropism, is used to describe the process 
of cancer cells “invasion in, around and through the nerves”.5 PNI 
in cancer is also defined as “tumour in close proximity to nerve and 
involving at least 33% of its circumference or tumour cells within 
any of the 3 layers of the nerve sheath”.4 There is considerable vari-
ability in the reported incidence rates of PNI in OSCC worldwide. 
At sites such as the tongue and/or floor of the mouth, PNI was de-
tected in up to 70% of OSCC, whereas cancer of the lower lip has a 
lower rate of PNI at 5.2%.6 PNI exhibited by some OSCC has been 
known as an independent predictor of poor prognosis and an indi-
cator of aggressive behaviour.7-9 The presence of PNI is significantly 
correlated with advanced T and N tumour staging, extranodal ex-
tension, poor tumour differentiation, lymphovascular invasion and 
increased depth of invasion, and therefore, PNI seems to be critical 
to prognosis in OSCC.10,11 PNI is known to be implicated in pain gen-
eration in patients with adenoid cystic carcinoma, pancreatic can-
cer and OSCC.12-14 A number of neurotrophic factors such as nerve 
growth factor (NGF) and its high affinity tyrosine kinase A (TrkA) 
receptor are likely to be involved in the possible molecular mecha-
nism of PNI.15 Few reports have revealed the association between 
the NGF and/or TrkA with PNI in OSCC.16-20 Given the paucity of 
information on the role of these factors in PNI and their possible 
role in the development of pain in OSCC, this study was undertaken 
to characterise the incidence and prognostic correlation of PNI in 
OSCC and to determine whether NGF and its receptor TrkA expres-
sions could be used as potential markers for PNI in ex-vivo OSCC.

2  | MATERIAL S AND METHODS

2.1 | Patients and tissue collections

A retrospective review was undertaken of the histopathology re-
ports of 430 patients with OSCC from 1992 to 2014 in Tayside, 
Scotland, who were reviewed or a minimum of 5 years or until death. 
The study was approved by the NHS Tayside, Scotland (Caldicott/
CSAppHA1350), and Tayside Medical Science Centre Research and 

Development (14/ES/0015(HIC). Subjects were excluded if they 
were under 18 years of age, had histological findings other than pri-
mary OSCC or any patients diagnosed with oropharyngeal SCC.

Archival OSCC specimens were selected from 430 patients diag-
nosed with primary OSCC for immunohistochemical (IHC) analysis. 
Tumours with evidence of PNI histopathologically were selected as 
the study group whilst the control group comprised patients with 
no histopathological evidence of PNI. Both groups were matched 
for the following factors: age, gender and tumour site. Those who 
had received pre-operative radiotherapy or chemotherapy were 
excluded. In order to ensure an equivalent number of specimens in 
each group, a systematic sampling method was used to randomly 
select the samples for the control group.21 In total, 132 of forma-
lin-fixed paraffin-embedded (FFPE) tissue blocks comprising 61 PNI-
positive and 71 PNI-negative OSCC were requested from Tayside 
Tissue Bank following approval (TR000388).

Baseline data were obtained from patient's medical records such 
as age, gender, smoking and alcohol history, clinical presentation, 
treatment modalities and survival status. Histopathological diag-
nostic findings (degree of differentiation, invasive front, tumour size 
(pT), nodal status (pN), depth of invasion (DOI) of 4 mm or above, 
lymphovascular invasion, PNI and bone invasion) had been reported 
according to the Royal College of Pathologists, dataset for histopa-
thology reporting of mucosal malignancies of the oral cavity.22 TNM 
staging was determined in accordance with the UICC, 7th edition.23

2.2 | Immunohistochemistry

The FFPE tissue blocks were sectioned at 5 µm, deparaffinised in xy-
lene and then rehydrated in serial ethanol solutions, before washing 
in distilled water for 5 minutes. Haematoxylin and eosin (H&E) stain-
ing of all sections was performed, and the sections were examined 
for evidence of PNI in OSCC sections (Figure 1). Then, 132 OSCC 
samples were probed with NGF (#365944) and TrkA (#7268) mouse 
monoclonal antibodies according to the manufacturer's instruc-
tion (Santa Cruz biotechnology, Inc). After deparaffinisation and 

F I G U R E  1   Haematoxylin and eosin stained sections of of PNI in OSCC. Complete encirclement of cancer cells around the nerve (A) (x100 
magnification). Incomplete encirclement of cancer cells around the nerves (B) (x100 magnification). Intraneural invasion of cancer cells within 
and around the nerve (C) (x200 magnification). N indicates the nerve, black arrows point to cancer cells around the nerve, red arrow point to 
tumour inside the nerve

(A) (B) (C)
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rehydration process, antigens were unmasked by heating the sec-
tions in 10mM sodium citrate buffer at 95ºC (pH 6.0) using a water 
bath, and sections were allowed to cool in the buffer for 20 minutes 
before washing in deionised H2O. The sections were incubated in 
1% H2O2 for 5 minutes to bock endogenous peroxidase activity, fol-
lowed by washing twice in PBS. Sections were blocked with 5% nor-
mal goat serum (NGS) in PBS for 1 hour at room temperature. This 
was followed by incubation with primary antibodies against NGF 
(1:50) and TrkA (1:50) diluted in 5% NGS/PBS in a humidified cham-
ber overnight at 4ºC. After equilibration, the sections were washed 
three times with PBS to remove the unbound antibody followed by 
incubation with biotinylated secondary antibody 1µg/ml diluted in 
5% NGS/PBS for 45 minutes in a humidified chamber, the sections 
were incubated for 30 minutes with the ABC reagent and the ex-
cess ABC reagent was removed from the slides by washing with PBS. 
Visualisation was achieved by incubation in peroxidase substrate 
and chromogen mixture (3, 3′-diaminobenzidine (DAB) and hydrogen 
peroxide prepared in house for 5 minutes. The sections were coun-
terstained with Mayer's haematoxylin (Sigma). The dehydration and 
mounting processes were followed as per manufactures instructions 
(Santa Cruz biotechnology). Positive controls used for NGF and TrkA 
were ductal epithelial cells in salivary gland tissues.16 The NGF and 
TrkA antibodies were blocked using the respective blocking peptide 
(#365944P and #7268P, respectively, Santa Cruz biotechnology) by 
adding twice the volume of peptide as the volume of antibody used. 
These tissues were used as negative control.

2.3 | Immunohistochemical score

Assessment of the staining was carried out according to the scor-
ing system reported previously in the literature with some modifica-
tion.16 Stained sections were scanned using a light microscope at low 
power. Tumour cells exhibiting a brown cytoplasmic, nuclear and/or 
surface membrane staining were counted as positive.

Analyses of intra-class correlation by the main observer twice and 
inter-class correlation by three independent observers were carried 
out to test the scoring results consistency gave a Cronbach's alpha 
of more than 0.8. NGF and TrkA staining scoring was performed as 
follows: the percentage of tissue staining was designated as 1 when 
0%-25% of tumour cells were stained, 2 when 25%-50% of tumour 
cells were stained and 3 when >50% of tumour cells were stained. 
The intensity of tissue staining was categorised as 1 for weak stain-
ing, 2 for moderate staining and 3 for strong staining. The final scor-
ing was determined according to the product of staining intensity 
and the percentage of tissue staining ranging from 0-6 categorised 
as low expression (IHC = 0-2) and high expression (IHC = 3-6).

2.4 | Statistical analysis

Data were analysed using SPSS package (IBM statistics version 22). 
Data related to categorical variables were described in terms of 

numbers with percentage and as mean with standard deviation (±) 
for continuous variables. Descriptive statistics were computed for 
each variable according to PNI status with a 95% confidence inter-
val. The correlation between PNI and NGF/TrkA expression status 
with clinical/histopathological characteristics was analysed by chi-
square or Fisher's exact test where appropriate. Spearman's correla-
tion (rs) was used to assess the significance of relationships between 
the expression level of NGF and TrkA. Five-year overall survival (OS), 
disease-specific survival (DSS) and disease-free survival (DFS)24 
were calculated using the Kaplan-Meier method, the difference in 
survival rate was assessed by log-rank test and a P-value of <.05 was 
considered statistically significant.

3  | RESULTS

3.1 | Analysis of the clinical data

A total of 430 OSCC patients' clinical data were analysed in this 
study, 242 (56%) were male and 188 (44%) female with an age range 
of 29 to 105 years (mean age 72.5 ± 12.2). The commonest site for 
OSCC was the tongue and floor of mouth for both PNI-positive 
(69.9%) and PNI-negative OSCC (68%). For those cases where data 
were available, more than 50% of the patient population were smok-
ers and 82% had a history of alcohol consumption. The demographi-
cal and clinical characteristics of 430 OSCC patients according to the 
presence and absence of PNI are summarised in Table 1.

3.2 | Correlation between PNI and 
clinicopathological parameters in OSCC cohort

PNI was seen in 75/430 (17.4%) of patients with OSCC. Thirty-five 
(46%) patients presented with a history of pain at the time of diag-
nosis in the PNI-positive group compared to 43 (12%) patients with 
PNI-negative group (P < .05). In the PNI-positive group, a significant 
proportion of patients (24%) had an advanced pathological T stage 
(T4), nodal involvement (N2) (21%), extranodal extension (26%), in-
creased DOI (>4 mm) (61%), discohesive invasive front (50%), poor 
tumour differentiation (38%) and lymphovascular invasion (34%), 
when compared to patients without PNI, and these results are highly 
significant, with P < .05. A third of the patients with PNI had stage 
IV disease (33%) (UICC staging) in comparison with patients without 
PNI the majority of whom presented with stage I (27%) (P < .05). It 
is important to note here that histopathological parameters of TNM 
stage, invasive front, grade of differentiation and DOI had a signifi-
cant proportion of missing data.

At the time of the analysis, 56 (74%) of 75 patients with PNI were 
deceased in comparison with 247 (69%) of 355 patients without PNI. 
Out of these 56 patients with PNI, 19 (34%) patients were reported 
dead due to OSCC. Descriptive statistics of the clinicopathological 
characteristics of 430 OSCC patients according to the presence and 
absence of PNI are shown in Table 2.
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3.3 | NGF and TrkA expression in OSCC samples

High expression of NGF was seen in 111 of 132 (84%) OSCC as an 
intense staining in the cytoplasm and nucleus of cancer cells in a 
diffuse pattern. One hundred and twenty-two (92%) OSCC had a 
high expression of TrkA that was present diffusely in the surface 
membrane and cytoplasm of tumour cells. Immunoreactivity of 
NGF and TrkA was weakly present in 21% and 8% of the OSCC, 
respectively (Figure 2). Neural tissues showed moderate to strong 
intensity of NGF and Trk immunoreactivity. A strong positive 

correlation was seen between NGF immunoreactivity and TrkA 
immunoreactivity in OSCC samples (rs = 0.65). rs = Spearman's 
correlation coefficient.

3.4 | Relationship between NGF and TrkA 
expression with clinicopathological parameters in 
OSCC samples

PNI-positive OSCC expressed NGF and TrkA with a greater fre-
quency than PNI-negative OSCC (P < .5). There were significant 
differences between NGF/TrkA expression levels, DOI > 4 mm and 
lymphovascular invasion (P < .05). Furthermore, patients who pre-
sented with pain had a significantly higher NGF expression in their 
tumour compared with patients with low NGF expression who pre-
sented with pain (P < .5). Correlation between NGF and TrkA expres-
sion levels and clinicopathological parameters including the presence 
and absence of PNI of 132 OSCC samples is shown in Table 3.

3.5 | Survival analysis

The presence of PNI was associated with poor DSS in OSCC (P < .05). 
The trend for OS and DFS was similar but not significant. The over-
all 5-year survival rate was worse for patients with OSCC with high 
expression of NGF and TrkA compared to OSCC patients with low 
NGF and TrkA expression (34% vs 48%, 34% vs 60%, respectively). 
However, Kaplan-Meier survival analysis revealed no significant as-
sociation of NGF and TrkA expression levels with OS, DSS and DFS 
(P > .05) (Figure 3).

4  | DISCUSSION

PNI is observed when cancer cells invade and grow along nerve 
tracts away from the primary tumour and is recognised as one of 
the most important prognostic factors in OSCC.9 Our study found 
that the incidence of PNI was 17.4% in OSCC, and this is consistent 
with the trend of overall frequency of PNI that ranges from 2.5% 
to 71% in OSCC.6 The vast majority of PNI-positive OSCC were tu-
mours arising in the tongue and floor of the mouth. These results 
are consistent with other studies where heterogeneous anatomical 
sites were employed.6 Some studies have shown that infiltration of 
the perineural space of the nerves by tumour cells correlates with 
tumour size, depth and pattern of invasion, the degree of tumour dif-
ferentiation, presence of nodal metastasis and presence of extran-
odal extension in OSCC.10,11,25 Our study demonstrates a significant 
correlation between the presence of PNI and these histological fea-
tures in OSCC.

The process of PNI requires activation of some neurotrophic 
growth factors such as NGF and its TrkA receptor that may play 
a role in the mechanism of PNI.26 Previous studies have shown a 
significant association of NGF and TrkA overexpression with PNI in 

TA B L E  1   Demographical and clinical characteristics of OSCC 
cohort according to the presence and absence of PNI

Variables

Patients without 
PNI, n = 355 
(82.6%)

Patients with 
PNI, n = 75 
(17.4%)

Gender

Male 202 (65.9) 40 (53.3)

Female 153 (43.1) 35 (46.7)

Age (y)

Mean ± (Range) 73.3 ± 12.1 
(34-105)

68.8 ± 12 
(29-95)

Smoking

Yes 105 (29.6) 23 (30.7)

No 36 (10.1) 15 (20)

Ex-smoker 31 (8.7) 8 (10.7)

Data missing 183 (51.5) 29 (38.7)

Alcohol

Yes 97 (27.3) 32 (42.7)

No 21 (5.9) 6 (8)

Data missing 237 (66.8) 37 (49.3)

Site

Tongue 133 (37.5) 35 (46.7)

Floor of the mouth 79 (22.4) 16 (21.3)

Tongue & floor of the 
mouth

12 (3.4) 5 (6.7)

Retromolar trigone 21 (5.9) 5 (6.7)

Alveolus 24 (6.8) 5 (6.7)

Buccal mucosa 41 (11.6) 3 (4)

Lower lip 40 (11.3) 3 (4)

Hard palate 5 (1.4) 3 (4)

Treatment

Surgery 220 (62) 57 (76)

Surgery + radiotherapy 
with/without 
chemotherapy

15 (4.2) 7 (9.3)

No surgery 
(Chemoradiotherapy)

120 (33.8) 11 (14.7)

Note: ± standard deviation.
Abbreviation: OSCC, oral squamous cell carcinoma; PNI, perineural 
invasion.
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OSCC.16-20 In the present study, we demonstrated NGF and TrkA 
expression in OSCC; interestingly, the expression levels were sig-
nificantly higher in PNI-positive compared with PNI-negative OSCC. 
Moreover, there was a positive relationship between the expres-
sion of NGF and TrkA in OSCC in agreement with another study 
on OSCC.16 Besides the cancer cells, immunoreactivity of NGF and 
TrkA was remarkably present in nerve tissues in OSCC in this study. 
Therefore, this may suggest that there is a close interaction between 
the cancer cells and neural tissue, where NGF is expressed by cancer 
cells causing tumour cells and nerves to grow together and enhance 
their physical contact, and therefore induce PNI. This hypothesis is 
supported by a previous study showed the influence of NGF/TrkA 
interactions between cancer cells and neural tissues in OSCC that 
may facilitate the development of PNI.16

The clinical features of PNI have been studied in different 
types of cancer, and it is well known that PNI is often clinically 
silent.27 However, in this study, PNI is notably accompanied by 
pain in OSCC patients with PNI. Another study also reported that 
pain was a symptom in the majority of patients with PNI-positive 
OSCC at the time of presentation.28 NGF and its receptor TrkA are 
believed to be major mediators of pain in pancreatic and prostate 
cancer.13,29 To our knowledge, this is the first report to show that 
overexpression of NGF might influence pain generation in patients 
with OSCC.

A previous study has shown an association of NGF overexpres-
sion with some pathological parameters in OSCC; however, TrkA im-
munoreactivity was not associated with any pathological factors in 
the same study.19 Interestingly, our findings demonstrated a signif-
icant correlation of NGF and TrkA overexpression with lymphovas-
cular invasion and increased DOI (>4mm) OSCC which might indicate 
that NGF and its receptor TrkA can predict aggressive behaviour of 
OSCC. This may contribute to the theory that NGF/TrkA may induce 
lymphovascularisation around nerves in cancers with an increase 

TA B L E  2   Descriptive statistics of the clinicopathological factors 
in the OSCC cohort according to the presence or absence of PNI

Variables

Patients 
without PNI, 
n = 355 (82.6%)

Patients 
with PNI, 
n = 75 
(17.4%) P-value

p-T Stage

T1 109 (30.7) 21 (28) .001*

T2 72 (20.3) 23 (30.7)

T3 19 (5.4) 1 (1.3)

T4 26 (7.3) 18 (24)

Data missing 129 (36.3) 12 (16)

p-N Stage

N0 181 (51) 38 (50.7) .004*

N1 14 (3.9) 9 (12)

N2 30 (8.5) 16 (21.30

N3 0 0

Data missing 130 (36.6) 12 (16)

p-Extracapsular Extension

Yes 33 (9.3) 20 (26.7) .0001*

No 322 (90.7) 55 (73.3)

p-DOI (mm)

<4 mm 89 (25.1) 10 (13.3) .0001*

>4 mm 112 (31.5) 46 (61.3)

Data missing 154 (43.3) 19 (25.3)

p-Histological grade

Well 57 (16.1) 3 (4) .001*

Moderate 207 (58.3) 38 (50.7)

Poor 82 (23.1) 29 (38.7)

Data missing 9 (2.5) 5 (6.7)

p-Invasive front

Cohesive 101 (28.5) 18 (24) .002*

Discohesive 78 (22) 38 (50.7)

Data missing 17 (49.6) 19 (25.3)

p-Lymphovascular Invasion

Yes 34 (9.6) 26 (34.7) .0001*

No 32 (90.4) 49 (65.3)

p-Bone invasion

Yes 22 (6.2) 8 (10.7) .1

No 333 (93.8) 67 (89.3) NS

TNM Staging

I 99 (27.9) 16 (21.3) .001*

II 50 (14.1) 18 (24)

III 32 (9) 4 (5.3)

IV 44 (12.4) 25 (33.3)

Data missing 130 (36.6) 12 (16)

Pain

Yes 43 (12.1) 35 (46.7) .0001*

(Continues)

Variables

Patients 
without PNI, 
n = 355 (82.6%)

Patients 
with PNI, 
n = 75 
(17.4%) P-value

No 312 (87.9) 40 (53.3)

Local recurrence

Yes 86 (24.2) 16 (21.3) .5

No 269 (75.8) 59 (78.7) NS

Survival status

Alive 108 (30.4) 19 (25.3) .2

Deceased 247 (69.6) 56 (74.7) NS

Deceased form 
OSCC

38 (15) 19 (34)

Note: Comparison between two groups by Pearson's chi-square or 
Fisher's exact test, where appropriate.
Abbreviations: NS, not significant; OSCC, oral squamous cell carcinoma; 
PNI, perineural invasion.
*Significant value. 

TA B L E  2   (Continued)
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DOI, thus supplying the nutrients for tumour and nerve growth 
which may enhance PNI.30

Some studies found a significant relationship between PNI and 
5-year survival rate in OSCC.7-9 In the current study, PNI was signifi-
cantly associated with a poorer 5-year DSS in OSCC patients. Few 
studies have evaluated the impact of NGF expression on patient's 
survival in OSCC, with conflicting reports of higher NGF expression 
being associated with a significantly worse overall survival19 and no 
association between NGF expression and survival.18 Our study found 
no significant association of NGF and TrkA expression levels with OS, 
DSS and DFS in OSCC. The variation in the prognostic significance of 

NGF and TrkA expression in OSCC in the literature and our study could 
have been due to the unequal distribution of parameters between the 
PNI-positive and PNI-negative group that might reduce the predictive 
power of NGF and TrkA as biomarkers, and the retrospective nature 
of this study that needs to be further validated in prospective studies. 
However, one of the strengths of this study is that it includes a large, 
well-characterised cohort of 430 cases of OSCC from a geographically 
defined population diagnosed and treated in NHS Tayside reporting 
the incidence and prognostic impact of PNI as a pathologic entity on 
patients with OSCC in Scotland. It also highlights the potential of NGF 
and TrkA as biomarkers of PNI-related OSCC. Further understanding 

F I G U R E  2   OSCC tissues stained 
with NGF and TrkA antibodies. 
Representative of high expression of 
NGF (A) and TrkA (B) in PNI-positive 
OSCC exhibiting intensive cytoplasmic/ 
nuclear NGF and cytoplasmic/membrane 
TrkA immunoreactivity in cancer cells 
invading the nerve. Representative of low 
expression of NGF (C) and TrkA (D) in PNI-
positive OSCC showing weak cytoplasmic/
nuclear NGF and cytoplasmic/membrane 
TrkA staining in cancer cells invading the 
nerve. Ductal epithelial cells in salivary 
gland tissues act as a strong positive 
control for NGF (E) and TrkA (F). Complete 
blocking of NGF and TrkA antibodies 
after incubation with blocking peptides 
and no immunoreactivity for NGF (G) and 
Trk (H) was detected in stained sections. 
N indicates the nerve, black arrows point 
to cancer cells, and a red arrow points 
to ductal epithelial cells in salivary gland 
tissue. Images were captured at x100 
magnification

(A) (B)

(C) (D)

(E) (F)

(G) (H)
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TA B L E  3   Correlation between NGF and TrkA expression level and clinicopathological parameters in OSCC samples

OSCC samples

NGF Expression

P-value

TrkA expression
P-
valueHigh n = 111 (84%) Low n = 21 (16%) High n = 122 (92%) Low n = 10 (8%)

p-T stage

T1 41 (39) 12 (57) 47 (40) 6 (60)

T2 34 (32) 7 (33) .2 37 (31) 4 (40) .2

T3 2 (2) 0 NS 2 (2) 0 NS

T4 29 (27) 2 (10) 31 (26) 0

Missing data 5 0 5 0

p-N Stage

N0 68 (64) 17 (81) .3 76 (65) 9 (90) .4

N1 16 (15) 1 (5) NS 17 (15) 0 NS

N2 22 (21) 3 (14) 24 (20) 1 (10)

N3 0 0 0 0

Data missing 5 0 5 0

p-Extracapsular Extension

Yes 31 (28) 4 (19) .3 34 (28) 1 (10) .2

No 80 (72) 17 (81) NS 88 (72) 9 (90) NS

p-DOI (mm)

<4 mm 21 (21) 11 (52) .003* 25 (23) 7 (70) .003*

>4 mm 79 (79) 10 (48) 86 (77) 3 (30)

Data missing 11 0 11 0

p-Histological grade

Well 11 (10) 1 (5) .3 11 (9) 1 (10) .7

Moderate 53 (48) 14 (66) NS 61 (50) 6 (60) NS

Poor 47 (42) 6 (28) 50 (41) 3 (30)

p-Invasive front

Cohesive 39 (39) 12 (57) .1 47 (43) 4 (40) .8

Discohesive 60 (61) 9 (43) NS 63 (57) 6 (60) NS

Data missing 12 0 12 0

Perineural Invasion

Yes 61 (55) 0 .0001* 61 (50) 0 .002*

No 50 (45) 21 (100) 61 (50) 10 (100)

p-Lymphovascular Invasion

Yes 35 (32) 1 (5) .01* 36 (30) 0 .04*

No 76 (68) 20 (95) 86 (70) 10 (100)

p-Bone invasion

Yes 14 (13) 2 (10) .6 16 (13) 0 .6

No 97 (87) 10 (90) NS 106 (87) 10 (100) NS

TNM Staging

I 33 (31) 10 (47) .5 37 (32) 6 (60) .1

II 25 (24) 5 (24) NS 27 (23) (30) NS

III 10 (9) 1 (5) 11 (9) 0

IV 38 (36) 5 (24) 42 (36) 1 (10)

Data missing 5 0 5 0

Pain

Yes 41 (37) 3 (14) .04* 42 (34) 2 (20) .4

No 70 (63) 18 (86) 80 (66) 8 (80) NS

(Continues)



8  |     ALKHADAR et AL.

OSCC samples

NGF Expression

P-value

TrkA expression
P-
valueHigh n = 111 (84%) Low n = 21 (16%) High n = 122 (92%) Low n = 10 (8%)

Recurrence

Yes 28 (25) 7 (33) .4 31 (25) 4 (40) .4

No 83 (75) 14 (67) NS 91 (75) 6 (60) NS

Survival status

Alive 38 (34) 10 (48) .2 42 (34) 6 (60) .1

Deceased 73 (66) 11 (52) NS 80 (66) 4 (40) NS

Deceased from disease 23 (32) 3 (27) 26 (33) 0

Note: Comparison between two groups by Pearson's chi-square or Fisher's exact test, where appropriate.
Abbreviations: NGF, nerve growth factor; NS, not significant; OSCC, oral squamous cell carcinoma; TrkA, tyrosine kinase A.
*Significant value. 

TA B L E  3   (Continued)

F I G U R E  3   Kaplan-Meier survival analysis for PNI, NGF and TrkA expression in OSCC. Kaplan-Meier survival plots for overall survival 
(OS) (A), disease-specific survival (DSS) (B) and disease-free survival (DFS) (C) in a cohort of 430 patients with OSCC, PNI-positive OSCC 
represented by red line and PNI-negative OSCC represented in green. Kaplan-Meier survival plots showing the relation between NGF 
expression in 132 OSCC samples and OS (D), DSS (E) and DFS (F), high NGF expression represented by red line and low NGF expression 
represented by green line. Kaplan-Meier survival plots for TrkA expression in 132 OSCC for OS (G), DSS (H) and DFS (I), high TrkA expression 
represented by red line and low TrkA expression represented by green line. (p = Log-Rank test)
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of the role that NGF/TrkA may play in OSCC would be necessary for 
the development of therapy modalities targeting the actions NGF/
TrkA, and this may represent a potential route for the treatment of PNI 
and its related symptoms in OSCC in future.
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1  | INTRODUC TION

Perineural invasion (PNI) is a form of metastatic tumour spread 
when cancer cells travel along nerves far from the primary lesion.

1 
PNI is associated with an increased probability of metastasis and 
decreased survival in oral squamous cell carcinoma (OSCC)2 and in 
salivary gland malignancies.3 Cancer cell migration towards nerves 
requires the activation of numerous signalling pathways involving 

many growth factors.4 Neurotrophins such as nerve growth factor 
(NGF) contribute to survival, proliferation and migration signalling 
in breast, prostate and pancreatic cancer.5-7 Depending on the tu-
mour origin, the signalling can be mediated by tropomyosin-related 
kinase A (TrkA) receptor or p75 neurotrophin receptor (p75NTR).8 
NGF binding to tropomyosin-related kinase A (TrkA) receptor medi-
ates proliferation and survival via activation of PI3K/Akt, Ras/MAPK 
and PLCγ pathways.9 Serine/threonine kinase Akt is activated by 
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Abstract
Objectives: The aims of this study were to investigate the role of nerve growth factor 
on perineural invasion in oral and salivary gland tumour cell lines and whether there 
is an involvement of PI3K/Akt pathway.
Materials and Methods: Four cell lines were investigated: HSG and TYS (salivary 
gland tumours), SAS-H1 (oral squamous cell carcinoma) and HaCaT (human skin 
keratinocyte). Initially, Boyden chamber assay was done to examine the effect of 
different concentration of nerve growth factor on cell migration. Western blot/ im-
munofluorescence techniques were used to investigate the phosphorylation status 
of the Akt pathway within the cells in response to nerve growth factor. The effect of 
this growth factor and the addition of an Akt inhibitor on cell morphology and migra-
tion were also examined using scatter/scratch assays.
Results: Nerve growth factor triggered the PI3K/Akt pathway in oral and salivary 
tumour cells and induced oral and salivary tumour cell scattering and migration. 
Inhibitor assays confirmed that oral and salivary gland tumour cell scattering and 
migration is Akt dependent.
Conclusions: Nerve growth factor can stimulate scattering and migration in cells de-
rived from oral and salivary gland tumours, thereby potentially enhancing perineural 
invasion. Phosphorylated Akt controls cancer cell migration and scattering. Blocking 
the Akt pathway may inhibit cell migration and therefore perineural invasion and 
metastasis.
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phosphorylation at S473, and T308 might be involved in cancer me-
tastasis.10 NGF has been shown to play a role in tumour proliferation 
in OSCC 11-13 and salivary adenoid cystic carcinoma (AdCC),14 which 
might be a reason for the cancer cells to migrate and invade the 
nerves. Ex vivo studies show that Akt is phosphorylated in AdCC 
suggesting that PI3K/Akt signalling pathway has an important role 
in salivary gland carcinogenesis.15,16 In this study, we aimed to in-
vestigate the role of NGF-induced signalling pathway on PNI of oral 
and salivary gland tumours in vitro and to confirm the involvement 
of PI3K/Akt pathway in cellular scattering and migration via the use 
of MK2206 (Akt inhibitor).

2  | MATERIAL S AND METHODS

2.1 | Cell lines and culture

Human adenosquamous cell line derived from minor salivary gland 
(TYS),17 OSCC line with high invasive potential (SAS-H1) derived 
from tongue 18 and the neoplastic duct cell line derived from sub-
mandibular salivary gland (HSG) 19 were gifted from Dr Koji Harada, 
University of Tokushima, Japan. Human adult keratinocyte cell 
line (HaCaT) was gifted from Professor SL Schor (late),20 Dundee 
Dental School, University of Dundee, UK. All cells were cultured 
at 37ºC and 5% CO2 in minimum essential medium (MEM) supple-
mented with 10% (v/v) heat-inactivated foetal calf serum (FCS) and 
200 mmol/L glutamine. Ethical approval was granted by Dundee 
University and NHS Tayside—Scotland: (Ref: 14/ES/005).

2.2 | Reagents, proteins, antibodies and inhibitors

Recombinant Human beta NGF (11050-HNAC) (Sino, Biological Inc). 
The PI3K/Akt pathway inhibitor MK2206 (S1078) (Selleckchem). 
The primary antibodies used were rabbit monoclonal anti-pAkt 
S473 (4060), anti-pAkt T308 (2965) and anti-pan Akt (4691) (Cell 
Signaling Technology Inc). The secondary antibodies used were goat 
anti-rabbit HRP conjugated (7074) and goat anti-rabbit Alexa flour 
488 conjugated (4412) (Cell Signaling Technology Inc).

2.3 | Modified Boyden chamber assay

A 48-well Boyden chamber (Neuroprobe) was used for the in vitro 
migration assays as described previously.21 Cell suspended in serum-
free MEM with bovine serum albumin (2 µg/mL) (SF-BSA) seeded 
into the upper compartment of the camber. The lower compartment 
was filled with different concentration of NGF diluted with SF-BSA. 
The two compartments were separated by porous membrane filter 
(8 µm, Costar, UK) coated with type I native collagen. The chamber 
assay was done in duplicate for each cell line, one chamber incubated 
for 6-hour and other for 24-hour at 37ºC. The filter was then washed 
twice in PBS, fixed in cold methanol for 5 minutes and stained with 

Mayer's haematoxylin (MHS16, Sigma-Aldrich) overnight. The cells 
on the upper surface of the filter were scraped off with a cotton 
swab. The membrane was then mounted onto a glass slide and ex-
amined under bright-field illumination at magnification ×400. Six 
replicate wells were used per variable. The number of migrated cells 
adherent to the lower surface of the membrane was counted in 
three random fields per well. Data were expressed as mean number 
of cell migrated ± SD per field. Figures of the stained cell migrated 
were captured by Leica DC100 mounted digital camera attached to 
microscope.

2.4 | Cell lysis, BCA protein assay, SDS-PAGE and 
Western Blot

Cells were grown on 60-mm plastic culture dishes (around 80% con-
fluent) and then serum-starved overnight. They were then transferred 
to the test conditions (NGF ± inhibitor) for 24 hours, and SF was used 
as negative control. Cells were then washed with ice-cold PBS and 
lysed on ice with RIPA buffer (50 mmol/L Tris HCl, 150 mmol/L NaCl, 
pH 7.4; 0.1% w/v SDS, 1% v/v Triton x-100, 1% w/v sodium deoxy-
cholate and 5 mmol/L EDTA) containing protease and phosphatase 
inhibitors (Roche applied science) for 10 minutes, then scrapped off 
the dishes and cell lysates collected into Eppendorf tubes and frozen 
at −20°C. Prior to SDS-PAGE, protein assay was performed for the 
colorimetric detection and quantitation of total protein using Micro 
BCA Protein Assay Kit (Thermo Scientific). Cell lysates were thawed 
and spun at 13 000 rpm in a micro centrifuge for 5 minutes and then 
mixed with a specific volume of Laemmli sample loading buffer (Bio-
Rad Hercules) including 5% (v/v) 2-mercaptoethanol. Samples were 
then heated at 95ºC in a water bath for 5 minutes and loaded onto 
10% or any kD Biorad TGX precast gels (Bio-Rad Hercules). Gel im-
ages were captured using Gel Doc Imaging System (Bio-Rad) for total 
protein. After completion of SDS-PAGE, proteins from the gels were 
electro-transferred onto PVDF membranes (Bio-Rad) and then im-
munoblotted with anti-pAkt T308 (1:1000), anti-pAkt S473 (1:2000), 
anti-pan Akt (1:1000) and goat anti-rabbit HRP-conjugated second-
ary (1:2000). Immunoblots were then developed using a WesternC 
substrate kit (Bio-Rad), and chemiluminescence was detected using 
a ChemiDoc imaging system. Total protein gel images were used to 
normalise and quantity the respective blot by Image Lab software 
(Bio-Rad).

2.5 | Scatter assay

Scatter assay was performed as described earlier.22 Cells were seeded 
in a density of 5 × 104 cells/mL per 35 mm dish in 10%FCS MEM and 
grown until well-defined colonies were visible. The cells were washed 
twice and serum-starved overnight; then, medium was changed into 
test condition (NGF ± inhibitor) and SF was used as negative control. 
The cultures were assessed for the scattering of the cellular colonies 
under the effect of the test conditions for 24 hours and 48 hours. 
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To test if the changes were permanent, the overlay of the cells was 
changed to 10%FCS MEM media and the morphology was monitored 
for 24 and 48 hours. Scattering of the cells was observed by at least 
two individuals before images were taken; images were captured 
by Olympus SC35 and Olympus XM10 digital cameras attached to 
Olympus IX70 inverted microscope.

2.6 | Wound-healing and 
immunofluorescence assays

A directional in vitro 2D wound-healing assay was performed as de-
scribe earlier.23 A cell monolayer was serum-starved overnight, and 
then, a wound was made in the monolayer using 100 µL pipette tip. 
The assay was then incubated in test conditions (NGF ± inhibitor) for 
24 hours, and SF was used as negative control. Images were cap-
tured at the starting point to record the initial area of the wound, 
and the recovery of the wounded monolayer due to cell migration 
towards the denuded area was evaluated after 24 hours. The images 
were captured by Olympus IX70 inverted microscope attached with 
Olympus SC35 and XM10 digital cameras.

For immunofluorescence assay, after 24 hours of the wound-heal-
ing assay, the cells were fixed with cold methanol for 15 minutes 
and then washed with phosphate-buffered saline (PBS). Cells were 
treated with 0.2% Triton X-100 in PBS for 5 minutes, the area into 
which cells migrated ringed with Immunopen (Dako, Cambridgeshire, 
UK) and blocked with 5% (v/v) normal goat serum (NGS, Vector 
Laboratories, Burlingame, CA, USA) in PBST (phosphate-buffered 
solution with 0.1% Tween-20) for 30 minutes. The cells were then 
washed with PBS and incubated with anti-pAkt T308 (1:1600) or an-
ti-pAkt S473 (1:2000) or anti-pan Akt (1:400) antibodies diluted in 
5% (v/v) NGS in PBST at 4ºC overnight. They were washed twice 
with PBST, once with PBS and incubated with secondary antibody 
(1:1000) conjugated with Alexa Flour 488 for 30 minutes at room 
temperature. After washing twice with PBST and once with PBS, 
sections were cover slipped with aqueous mounting medium (Sigma-
Aldrich). Sections were viewed with an Olympus IX70 inverted fluo-
rescent microscope. Images were collected using an Olympus SC35 
and XM10 digital cameras. All devices were controlled and pro-
cessed through Metamorph v6.1 software (Molecular Devices) and 
CellSense software (Olympus).

2.7 | Statistical analysis

The data were analysed using the statistical package IBM SPSS 22. All 
experiments were done in triplicate. Differences in mean of cell migra-
tion and the mean quantification of the Akt phosphorylation between 
negative control and different concentration of NGF was carried out 
using Kruskal-Wallis test with Bonferroni post-test, the differences 
defined at 95% level of confidence and considered significant when 
the P-value was less than 0.05.

3  | RESULTS

3.1 | NGF stimulated oral and salivary gland 
tumours cells to migrate

Different concentration of NGF was used to investigate the role of 
this growth factor on cell migration in TYS, SAS-H1, HSG and HaCaT 
cells. Due to the unresponsiveness effect of HSG cells upon NGF 
treatment after 6-hour chamber incubation (data not shown), the re-
sults presented here are for 24-hour incubation. NGF stimulated the 
migration of TYS and SAS-H1 cells compared with SF (0 ng/mL NGF; 
Figure 1A,B). However, HSG and HaCaT cells were not stimulated to 
migrate in response to NGF (Figure 1C,D).

3.2 | NGF triggered P13K/AKT pathway in oral and 
salivary gland cancer cells

All the cell lines were treated with different concentrations of NGF for 
24-hour and analysed for phosphorylation of Akt at T308, S473 and pan 
Akt (60 kDa). Phosphorylation of Akt at T308 and S473 was increased in 
NGF-induced TYS and SAS-H1 cells compared with the negative control 
(P < .05; Figure 2A,B; Table S1A,B). There was no Akt phosphorylation 
at T308 and S473 in HSG cells in SF and in NGF. However, Akt phos-
phorylation at T308 and S473 was constant in HaCaT cells compared to 
the SF and with increasing NGF concentration. Total Akt protein level 
(pan Akt) was not upregulated in all cell lines (Figure 2C). MK2206 is a 
selective inhibitor of PI3K/AKT pathway, and to elucidate the effect of 
MK2206 on the phosphorylation of Akt, TYS and SAS-H1 cells were 
treated with different concentrations of MK2206 (10, 5, 1 µmol/L) alone 
and with 10 ng/mL NGF for 24-hour. Akt phosphorylation at T308 and 
S473 was effectively blocked by MK2206 alone or in combination with 
NGF in both cells (Figure 2D,E). The total Akt (pan Akt) was consistent in 
both cells treated with Akt inhibitor with and without NGF (Figure 2F).

3.3 | NGF-induced scattering in oral and salivary 
cancer cells

Cell scattering is a technique used to describe the dispersion of 
compact colonies of each cell lines induced by certain soluble fac-
tors such as growth factors.24 After 24-hour incubation of TYS 
and SAS-H1 cells treated with 10 ng/mL NGF, partial scattering 
was noticed where some of the cells within the colony began to 
detach from their neighbouring cells and exhibit a shape resem-
bling that of spindle-like fibroblastic morphology and scattered 
across the plate compared with non-treated cells. After 48-hour 
incubation, a complete scattering was recorded where some of the 
cells lose cell to cell junctions and single cells can be seen. These 
cells have an elongated phenotype and are scattered across the 
plates when treated with NGF compared with non-treated cells 
(Figure 3A). These changes in morphology in both TYS and SAS-H1 
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F I G U R E  1   Variable migratory responses of different cell lines treated with NGF obtained by modified Boyden chamber migration assay 
(24-h incubation) compared with negative control (0 ng/mL NGF as baseline). A, TYS (mn = 29.4 ± 2) and B, OSCC (SAS-H1) (mn = 22.8 ± 3.1) 
were stimulated to migrated through the filter by 100 ng/mL NGF compared to baseline (mn = 18.4 ± 2 & 17.5 ± 2.3, respectively). C, HSG 
(mn = 18.1 ± 1.5) and D. HaCaT (mn = 12.6 ± 1.7) were not stimulated to migrate by NGF compared to baseline (mn17.2 ± 2, 10.7 ± 0.9, 
respectively). The effect of NGF on cell migration was plotted as mean number of cell migrated. The graph results are expressed as mean 
with differences defined at 95% level of confidence *P < .05, relative to negative control. mn = mean numbers of cells migrated. The images 
below each graph represent the cells stained with Mayer's haematoxylin migrated from 0 ng/mL NGF to 10 ng/mL NGF. (Images were 
captured by Leica DC100 mounted digital camera attached to microscope at ×400 magnification)

0 ng/mL NGF                                 10 ng/mL NGF 0 ng/mL NGF                                10 ng/mL NGF

0 ng/mL NGF                                   10 ng/mL NGF 0 ng/mL NGF                                   10 ng/mL NGF

(A) (B)

(C) (D)
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cells were reversible, and a noticeable change in morphology was 
observed in TYS and SAS-H1 cells where the cells regained back 
their flattened morphology with compact colonies after changing 
the overlay to 10%FCS MEM for 48 hours (Figure 3B). In contrast, 

the NGF-treated HSG and HaCaT cells did not dissociate from 
each other and showed flattened morphology with or without 
NGF (Figure 3C). To confirm the involvement of Akt pathway in 
cellular scattering via the use of an Akt inhibitor, TYS and SAS-H1 

F I G U R E  2   Western blot experiments of Akt phosphorylation in four cell lines with a spectrum of NGF concentrations and inhibitor. A, 
pAkt T308 phosphorylation in TYS, SAS-H1, HSG and HaCaT with NGF concentrations of 0 ng/mL, 500 pg/mL, 1 ng/mL, 10 ng/mL, 100 ng/
mL and 200 ng/mL. B, pAkt S473 phosphorylation and C, total Akt protein in the same cell lines with same NGF concentration as in (A). D, 
pAkt T308 phosphorylation in TYS and SAS-H1 cells with MK2206 inhibitor of 10, 5, 1 µmol/L alone and with 10 ng/mL NGF. E, pAkt S473 
phosphorylation and (C) total Akt protein in the same cell lines with same condition as in (D). All cells were treated for 24-h and cell lysates 
were then analysed by SDS-APGE and WB experiments for pAkt T308, pAkt S473, and pan Akt antibodies. All the images were cropped 
from the original blot images. 0 ng/mL NGF used as a negative control. *Denotes significant changes in phosphorylation
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F I G U R E  3   Scatter Assay of TYS, SAS-H1, HSG and HaCaT cells. A, TYS and SAS-H1 cells, respectively, in the absence of NGF (SF) and 
presence of 10 ng/mL of NGF during 24 and 48-h observation. Images illustrate the scattering as cells remain in colony in SF (red arrow). 
Partial scattering of the colonies where the cells exhibit an elongated phenotype (yellow arrows) and complete scattering where some loss of 
cell to cell junction and single cells with an elongated migratory phenotype (green arrows). B, NGF-induced reversible morphological changes 
responses in TYS and SAS-H1 cells after 48-h treatment of the cells with 10%FCS MEM, upon the removal of NGF. The cells gradually 
regained their original phenotype with compact colonies and established cell to cell junctions (blue arrow). C, NGF does not mediate any 
morphological changes in HSG and HaCaT. The cells do not dissociate from each other and showed flattened morphology with or without 
NGF. (All images captured using an Olympus SC35 digital camera at ×100 magnification). D and E, TYS and SAS-H1cells, respectively, in the 
presence of 10 ng/mL of NGF, 10 ng/mL of NGF with 5 µmol/L MK2206 and 5 µmol/L MK2206 during 24 and 48-h observation. MK2206 
alone or in combination with NGF effectively blocks the scattering of both cells during the different incubation time compared to SF. (All 
images were captured using an Olympus XM10 digital camera at ×100 magnification)
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cells were treated with 5 µmol/L concentration of MK2206 alone 
and with 10 ng/mL NGF for 24 and 48 hours. MK2206 alone or in 
combination with NGF effectively blocked the scattering of both 
cells compared to SF (Figure 3D,E).

3.4 | NGF-induced oral and salivary gland cancer 
cell migration is Akt dependant

Twenty-four-hour observation of cell migration in the wound-heal-
ing assay showed that NGF stimulated the migration of TYS and 
SAS-H1 cells, whereas HSG and HaCaT cells were not stimulated 
to migrate in response to the NGF (Figure 4A). MK2206 alone and 
with 10ng/ml of NGF were used to confirm the role of this growth 
factor in the cell migration in TYS and SAS-H1 cells via wound-
healing assay for 24-hour. MK2206 alone or in combination with 
NGF effectively blocked the migration of both cells compared to SF 
(Figure 4B).

3.5 | NGF-induced oral and salivary gland cell 
migration with positive Akt phosphorylation

Immunocytochemistry of the fixed cells showed the expression and 
localisation of phosphorylated Akt. NGF-induced TYS and SAS-H1 
cells showed a cytoplasmic expression of pAkt T308 and pAkt S473 
(Figure 5A,B). To elucidate the effect of PI3K inhibitor on the phospho-
rylation of Akt, TYS and SAS-H1 cells were treated 5µM MK2206 alone 
and with 10 ng/mL NGF for 24-hour. MK2206 alone or in combination 

with NGF effectively blocks the phosphorylation of Akt T308 and Akt 
S473 in oral and salivary gland cancer cells (data not shown).

4  | DISCUSSION

The infiltration of cancer cells into the neural tissue is a key step in the 
process of PNI, and NGF might play a role in the process of PNI in oral 
and salivary gland tumours.14 In this study, we have investigated the 
role of NGF-induced PI3K/Akt signalling pathway on PNI behaviour 
of oral and salivary gland tumour cells. The data presented here are 
evidence that NGF can induce PI3K/AKT pathway and that NGF phos-
phorylates Akt at T308 and S473 in oral and salivary cancer cells. Our 
findings also indicate that NGF stimulates a migration and scattering ef-
fect of OSCC and salivary gland tumour cells, and these cells undergo a 
morphological change from epithelial to mesenchymal-like phenotype 
upon treatment with NGF. This may suggest that NGF is able to induce 
migratory behaviour and therefore enhance PNI. These results are in 
agreement with previously published study, which reported that NGF 
pre-treatment of breast cancer cells promoted epithelial-mesenchymal 
transition (EMT)25 and activation of PI3K/Akt signalling pathway can 
affect EMT to influence tumour aggressiveness.26 The reversibility of 
EMT-like changes induced in OSCC and salivary gland cancer cells pre-
sented here might be due to reoxygenation of the cells,27 and this raises 
a question whether EMT promotes cancer cell metastasis.

The Akt inhibitor (MK2206) was found to block the stimulation 
of NGF-induced scattering and migration as well as the phosphor-
ylation of Akt at S473 and T308 in OSCC and salivary gland cancer 
cells. These results support data published previously which reported 

F I G U R E  4   Wound-healing assay. Images have shown variable migratory behaviour of different cell lines. A, TYS and SAS-HI showed 
migration in response to 10 ng/mL of NGF over 24-h treatment. HSG and HaCaT cells showed no migratory response upon treatment with 
NGF. (All images were captured using an Olympus SC35 digital camera at ×100 magnification). B, Wound-healing assay of TYS and SAS-H1 
cells with the use of 5µmol/L MK2206 showed that MK2206 alone or in combination with 10 ng/mL of NGF effectively blocks the migration 
of both cells compared to SF. (All images were captured using an Olympus XM10 digital camera at ×40 magnification)
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that MK2206 inhibited the proliferation of human cancer cells in 
combination with anticancer agents in vitro.28 Despite the preclinical 
studies supporting the antitumor effect of MK2206 when combined 
with endocrine therapy, drugs combined with MK2206 had no sig-
nificant clinical effect in patients with breast cancer in phase I trials. 
Administration of MK2206 caused the development of a rash and 
hyperglycaemia resulting in some patients discontinuing the treat-
ment.29 HSG cells showed no scattering or migration changes upon 
NGF treatment; therefore, these cells have not shown any expression 
of Akt phosphorylation at T308 or S473 residues. It should be noted 
that HSG cells used here were grown on plastic culture dishes and had 
not differentiated into the “acinar state” cell line described below. A 
study investigated the effect of several growth factors involved in cell 
differentiation on the activity of salivary proteins such as amylase and 
kallikrein in HSG cells, which found that NGF had a very little effect 

when the HSG cells were grown on plastic culture plates 30; how-
ever, HSG cells differentiate into an acinar phenotype along with the 
change in morphology when the cells are grown only on Matrigel and 
laminin-1. Taking into consideration the previously published study 
and our data, we suggest that HSG requires a pre-treatment condition 
involving addition of extracellular matrix proteins and growth factors 
in order to differentiate into acini and acquire malignant phenotype.

5  | CONCLUSION

NGF can stimulate scattering and migration in OSCC and salivary 
gland cancer cells, thereby potentially enhancing PNI and possibly 
facilitating metastasis. Activation of Akt by NGF-mediated cancer 
cell migration is summarised in Figure 6. Akt is phosphorylated at 

F I G U R E  5   Immunofluorescence staining of TYS and SAS-H1. The cells were treated for 24-h then fixed and stained for Akt (total or 
phosphorylated) with a fluorescent labelled antibodies. NGF increased cytoplasmic localisation of pAkt T308, pAkt S473 and total Akt in TYS 
cells (A) and in SAS-H1 cells (B). (All the fluorescent images were captured using an Olympus SC35 digital camera at × 200 magnification)

F I G U R E  6   Activation of Akt by NGF in PNI-positive OSCC. A, Histological example of PNI in OSCC where the tumour cells (black arrow) 
surrounding the nerve (in red) (haematoxylin-eosin staining ×100 magnification). B, NGF binding to TrkA receptor mediates migration via 
activation of PI3K/Akt pathway. C, PNI-positive OSCC showing marked immunoreactivity to NGF (black arrows) (×100 magnification). 
(Histological images were taken from a study in progress)



234  |     ALKHADAR et AL.

both residues controlling OSCC and salivary gland cancer cell migra-
tion, and the addition of an Akt pathway inhibitor blocks the NGF-
induced OSCC scattering and migration and therefore PNI, which 
may offer a therapeutic approach in the future.
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Archive please contact Dr Ian Forgie (i.m.forgie@dundee.ac.uk or telephone 01382 383291) to
arrange release of the requested material for your use. Alternatively please phone the Tissue
Bank on 01382 632698.

Please note that, unless otherwise indicated approval of projects and the subsequent release
and use of tissue samples is given on the following conditions:

(a)	samples should only be used for the purposes outlined in the application 
(b)	tissue should not be transferred to  a third party (other than collaborators included in
the Tissue Request) without the prior agreement of the Tissue Bank
(c)	no attempt to identify any individual from the materials should be made and the anonymity
of donors must be protected and respected at all times.
 (d)	An annual update on the use of the material should be provided to the Tayside Tissue Bank.
In addition, their ultimate fate should be confirmed indicating they have either been entirely
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The continuance of the Tissue Bank facility is dependent on funding from Cancer Research UK,
the Chief Scientist Office and Breast Cancer Campaign. The Tayside Tissue Bank and its funders
must be acknowledged in any presentation, abstract, publication or product resulting from the
use of the tissue. The Tayside Tissue Bank must also be informed when any paper or abstract
resulting from a study is published. Full Terms and Conditions are available on our website:
www.tissuebank.dundee.ac.uk

We wish you every success with your investigations.
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Appendix 7. Scoring of IHC results for NGF and TrkA Expression in OSCC specimens  

Specimen No PNI Status NGF 
 

TrkA 

 Intensity 
Score 

Percentage 
Score 

IHC Score Expression 
Pattern 

Intensity 
Score 

Percentage 
Score 

IHC 
Score 

Expression 
Pattern 

1 NO 1 3 4 High 1 3 4 High 
2 NO 1 1 2 Low 2 3 4 High 
3 NO 2 3 5 High 3 3 6 High 
4 NO 1 3 4 High 2 3 5 High 
5 NO 1 1 2 Low 1 3 4 High 
6 NO 2 3 5 High 3 3 6 High 
7 NO 1 3 4 High 2 3 5 High 
8 NO 2 3 5 High 3 3 6 High 
9 NO 3 3 6 High 3 3 6 High 

10 NO 2 3 5 High 3 3 6 High 
11 NO 2 3 5 High 3 3 6 High 
12 NO 3 3 6 High 3 3 6 High 
13 NO 1 3 4 High 3 3 6 High 
14 NO 2 3 5 High 1 3 4 High 
15 NO 2 3 5 High 3 3 6 High 
16 NO 1 3 4 High 3 3 6 High 
17 NO 2 3 5 High 3 3 6 High 
18 NO 3 3 6 High 3 3 6 High 
19 NO 1 3 4 High 2 3 5 High 
20 NO 1 1 2 Low 1 1 2 Low 
21 NO 3 3 6 High 3 3 6 High 
22 NO 2 3 5 High 3 3 6 High 
23 NO 1 1 2 Low 1 1 2 Low 
24 NO 1 1 2 Low 1 1 2 Low 
25 NO 1 3 4 High 1 3 4 High 
26 NO 2 3 5 High 3 3 6 High 
27 NO 1 1 2 Low 3 3 6 High 
28 NO 2 3 5 High 1 3 4 High 
29 NO 1 3 4 High 3 3 6 High 
30 NO 1 3 4 High 3 3 6 High 
31 NO 3 3 6 High 3 3 6 High 



32 NO 1 1 2 Low 1 1 2 Low 
33 NO 1 3 4 High 1 3 4 High 
34 NO 1 1 2 Low 2 3 4 High 
35 NO 1 1 2 Low 3 3 6 High 
36 NO 1 1 2 Low 2 3 5 High 
37 NO 2 3 5 High 1 3 4 High 
38 NO 1 3 4 High 3 3 6 High 
39 NO 2 3 5 High 2 3 5 High 
40 NO 1 3 4 High 3 3 6 High 
41 NO 3 3 6 High 3 3 6 High 
42 NO 1 1 2 Low 1 1 2 Low 
43 NO 2 3 5 High 1 3 4 High 
44 NO 1 3 4 High 3 3 6 High 
45 NO 2 3 5 High 3 3 6 High 
46 NO 3 3 6 High 3 3 6 High 
47 NO 2 3 5 High 3 3 6 High 
48 NO 2 3 5 High 2 3 5 High 
49 NO 3 3 6 High 1 3 4 High 
50 NO 1 3 4 High 3 3 6 High 
51 NO 1 1 2 Low 1 1 2 Low 
52 NO 2 3 5 High 1 3 4 High 
53 NO 3 3 6 High 3 3 6 High 
54 NO 2 3 5 High 3 3 6 High 
55 NO 2 3 5 Low 3 3 6 High 
56 NO 1 1 2 Low 3 3 6 High 
57 NO 1 3 4 High 2 3 5 High 
58 NO 1 1 2 Low 1 3 4 High 
59 NO 1 1 2 Low 1 1 2 Low 
60 NO 1 1 2 Low 1 1 2 Low 
61 NO 1 3 4 High 1 3 4 High 
61 NO 3 3 6 High 3 3 6 High 
62 NO 3 3 6 High 3 3 6 High 
63 NO 1 1 2 Low 3 3 6 High 
64 NO 1 1 2 Low 1 1 2 Low 
65 NO 1 3 4 High 1 3 4 High 
66 NO 1 1 2 Low 2 3 5 High 
67 NO 1 1 2 Low 1 1 2 Low 



68 NO 2 3 5 High 1 3 4 High 
69 NO 1 3 4 High 3 3 6 High 
70 NO 2 3 5 High 2 3 5 High 
71 NO 3 3 6 High 3 3 6 High 
72 YES 2 3 5 High 3 3 6 High 
73 YES 2 3 5 High 3 3 6 High 
74 YES 3 3 6 High 3 3 6 High 
75 YES 1 3 4 High 3 3 6 High 
76 YES 2 3 5 High 3 3 6 High 
77 YES 2 3 5 High 1 3 4 High 
78 YES 2 3 5 High 3 3 6 High 
79 YES 3 3 6 High 3 3 6 High 
80 YES 2 3 5 High 3 3 6 High 
81 YES 2 3 5 High 3 3 6 High 
82 YES 3 3 6 High 2 3 5 High 
83 YES 1 3 4 High 1 3 4 High 
84 YES 2 3 5 High 3 3 6 High 
85 YES 2 3 5 High 3 3 6 High 
86 YES 1 3 4 High 3 3 6 High 
87 YES 2 3 5 High 3 3 6 High 
88 YES 1 3 4 High 2 3 5 High 
89 YES 2 3 5 High 1 3 4 High 
90 YES 3 3 6 High 3 3 6 High 
91 YES 2 3 5 High 1 3 4 High 
92 YES 2 3 5 High 3 3 6 High 
93 YES 3 3 6 High 3 3 6 High 
94 YES 2 3 5 High 1 3 4 High 
95 YES 1 3 4 High 3 3 6 High 
96 YES 2 3 5 High 2 3 5 High 
97 YES 3 3 6 High 3 3 6 High 
98 YES 2 3 5 High 3 3 6 High 
99 YES 2 3 5 High 3 3 6 High 

100 YES 3 3 6 High 3 3 6 High 
101 YES 1 3 4 High 3 3 6 High 
102 YES 2 3 5 High 3 3 6 High 
103 YES 2 3 5 High 1 3 4 High 
104 YES 1 3 4 High 3 3 6 High 



105 YES 2 3 5 High 3 3 6 High 
106 YES 3 3 6 High 3 3 6 High 
107 YES 2 3 5 High 1 3 4 High 
108 YES 1 3 4 High 2 3 4 High 
109 YES 2 3 5 High 3 3 6 High 
110 YES 3 3 6 High 2 3 5 High 
111 YES 2 3 5 High 1 3 4 High 
112 YES 2 3 5 High 3 3 6 High 
113 YES 3 3 6 High 2 3 5 High 
114 YES 1 3 4 High 3 3 6 High 
115 YES 2 3 5 High 3 3 6 High 
116 YES 2 3 5 High 3 3 6 High 
117 YES 3 3 6 High 3 3 6 High 
118 YES 1 3 4 High 3 3 6 High 
119 YES 2 3 5 High 3 3 6 High 
120 YES 2 3 5 High 1 3 4 High 
121 YES 1 3 4 High 1 3 4 High 
122 YES 2 3 5 High 3 3 6 High 
123 YES 2 3 5 High 2 3 5 High 
124 YES 2 3 5 High 3 3 6 High 
125 YES 2 3 5 High 3 3 6 High 
126 YES 3 3 6 High 3 3 6 High 
127 YES 2 3 5 High 3 3 6 High 
128 YES 2 3 5 High 3 3 6 High 
129 YES 2 3 5 High 3 3 6 High 
130 YES 1 3 4 High 1 3 4 High 
131 YES 2 3 5 High 3 3 6 High 
132 YES 3 3 6 High 3 3 6 High 

 

 



Appendix 8. Scoring of IHC results for NGF and TrkA Expression in SGMs specimens 

              

 

 

 

 

 

 

 

Specimens No PNI 
status 

NGF 
 

TrkA 

 Intensity 
Score 

Percentage 
Score 

IHC Score Expression 
Pattern 

Intensity 
Score 

Percentage 
Score 

IHC 
Score 

Expression 
Pattern 

1 NO 1 1 2 Low 3 3 6 High 
2 NO 1 1 2 Low 2 3 5 High 
3 NO 1 1 2 Low 1 1 2 Low 
4 NO 2 2 4 High 3 3 6 High 
5 NO 1 1 2 Low 2 3 5 High 
6 NO 1 1 2 Low 1 1 2 Low 
7 NO 2 3 5 High 3 3 6 High 
8 YES 2 3 5 High 3 3 6 High 
9 YES 1 1 2 Low 2 2 4 High 

10 YES 2 3 5 High 2 3 5 High 
11 YES 2 3 5 High 2 3 5 High 
12 YES 2 3 5 High 2 3 5 High 
13 YES 1 1 2 Low 2 3 5 High 
14 YES 3 3 6 High 3 3 6 High 
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