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Table 3.4.1 Immunohistochemistry stain results. IHC proportionality grade, intensity and 
overall score are recorded below, along with specific staining characteristics seen in each 
sample.   
 

Antibody Sample 

# 

Level 
of 

mRNA 

IHC 

Grade 

IHC 

Intensity 

IHC 

Score 

Stromal 

Stain 

OTHER 

KLK7 6 low 5 2 7 - Cytoplasmic and 

nuclear staining 

KLK7 16 high 5 2 7 - Cytoplasmic and 

nuclear staining 

KLK8 6 low 4 1 5 - Primarily 

cytoplasmic 

staining 

KLK8 16 low 4 1 5 - Primarily 

cytoplasmic 

staining 

KLK8 11 high 5 1 6 - All cytoplasmic 

staining 

KLK10 11 low 5 1 6 - Epithelial positive 

cells 

KLK10 6 high 5 1 6 - All cytoplasmic 

staining 

KLK10 10 high 5 1 6 - All cytoplasmic 

staining; 

inflammatory 

cells staining 

positively  

KLK11 6 low 5 2 7 - Primary 

cytoplasmic 

staining; many 

nuclei staining 

KLK11 11 high 5 3 8 - Primary 

cytoplasmic 

staining; some 

positive and 

negative nuclei 
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KLK14 6 low 5 3 8 - Primarily 

cytoplasmic 

staining; some 

nuclei staining 

KLK14 11 high 5 3 8 - Primarily 

cytoplasmic 

staining; much 

nuclear staining 

 
 

Table 3.5.1 Summary of PCR and IHC results 

 Total PLGA 
Samples 

Case 6 Case 10 Case 11 Case 16 

 average 
level of 
mRNA 

Median 
value of 
mRNA 

mRNA IHC 
score 

mRNA IHC 
score 

mRNA  IHC 
score 

mRNA IHC 
score 

KLK7 0.45908 0.37725 Low, 

0.0 

7     High, 

0.377251 

7 

KLK8 0.25982 0.09694 Low, 

0.0969368 

5   High, 

1.0  

7 Low, 

0.1049704 

5 

KLK10 0.27191 0.12312 High, 
0.225234 

6 High, 
0.138793 

6 Low, 
0.048942 

6   

KLK11 0.51035 0.44622 Low, 

0.0 

7   High, 

1.0 

8   

KLK14 0.18320 0.02862 Low, 

0.02862 

8   High, 

1.0 

8   
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3.5 PCR and IHC Correlation  

The results from PCR KLK mRNA quantification and IHC staining were compared and 

the findings are summarized in Table 4.5.1.  
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Chapter 4 
 
4.0 Discussion 

 

4.1 Increased mRNA levels of KLKs in PLGA 
 Our study confirms the hypothesis that KLKs are aberrantly expression in PLGA. Through 

qPCR, we demonstrated that KLK mRNA levels are increased in PLGA compared to normal 

salivary gland tissues. This upregulation was statistically significant for KLK1, KLK4, KLK10, 

KLK12, and KLK15, as determined by Mann Whitney U Test (p<0.05). We also noted greater 

variability in mRNA levels of KLK6, KLK7, KLK11 and KLK13; indicative of lower percentages 

of samples expressing these KLKs: 25%, 18.8%, 25% and 25%, respectively. 

 

4.2 IHC demonstrates PLGA tumour cell-specific staining pattern 
To address whether KLK upregulation in PLGA samples was specific to the tumour cells, 

we performed immunohistochemistry.  For these studies, we randomly selected patient samples 

showing relatively high and low mRNA levels (arbitrary) for KLK for which antibodies were 

available. These KLKs included KLK7, KLK8, KLK10, KLK11, and KLK14. PLGA samples 

were stained and evaluated, using a well-documented system[76]. Proportion scores for each 

PLGA case stained with KLK antibody noted most tumour cells were staining positive (proportion 

score 5), save for two samples with KLK8 demonstrating scores of 4, indicating slightly less 

percentage of tumour cells which were immunoreactive. Intensity scores varied between cases. 

These results confirmed our hypothesis that tumour cells are the primary source of KLK mRNA.  

 

4.3 KLK mRNA profile of PLGA vs ACC 

Our laboratory has recently profiled ACC samples for KLK mRNA levels, providing us 

with a unique opportunity to compare the profile to PLGA [84]. ACC samples exhibited 

significantly lower levels of KLK1, KLK8, KLK11 and KLK14 compared to NSGT; the remaining 

KLKs were expressed at levels comparable to that of NSGT[84]. In the present study, KLK1, 

KLK4, KLK10, KLK12, and KLK15 were found to be significantly upregulated when compared 

to NSGT. These differences, particularly KLK1, may be useful in distinguishing PLGA from ACC, 

which can pose a diagnostic challenge due to their histomorphologic resemblance[14, 34].  
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Microscopically, both PLGA and ACC exhibit diffusely invasive borders, solid and 

cribriform growth patterns, and perineural invasion[35]. ACC is more common in major salivary 

glands, which is a distinguishing feature versus PLGA’s predilection for the minor salivary glands; 

smaller cell size with less cytoplasm and nuclear features may also differentiate ACC from 

PLGA[6, 9]. Due to their prognostic distinctions, ACC having a worse prognosis and more 

aggressive clinical course as compared to PLGA, misdiagnosis between these two tumours would 

be an erroneous pitfall[9].  KLK1 mRNA was present in 73% of ACC samples studied by Kerr et 

al., and in the present study, KLK1 mRNA was expressed in 87.5% of PLGA samples[84]. Given 

KLK1 was found to be significantly downregulated in ACC and significantly upregulated in 

PLGA, this difference may lend itself to establishing a diagnostic panel, differentiating these two 

salivary gland tumours.  

 

4.4 Analysis of IHC staining of KLKs in PLGA 

 Overall, each sample with a relatively higher expression of KLK mRNA stained 

equivalently or with a higher IHC score than the samples which had relatively lower KLK mRNA 

expression. For KLK7, sample 6 demonstrated no mRNA expression, and sample 16 showed 

relatively higher expression; however, both samples had equivalent IHC scores of 7. Similarly, for 

KLK10, sample 11 had relatively low mRNA expression in comparison to samples 6 and 10, yet 

the IHC score for all samples was 6. Furthermore, for KLK14, sample 6 had relatively low mRNA 

expression in comparison to sample 11; IHC scores for both samples were 8. A small increase was 

seen between samples for KLK11, with sample 6 demonstrating undetectable mRNA and an IHC 

score of 7, while sample 11 having relatively higher mRNA expression and an IHC score of 8. The 

most significant difference was seen with KLK8; sample 6 and sample 16 demonstrated relatively 

lower mRNA levels and had IHC scores of 5, while sample 11 had relatively high mRNA and an 

IHC score of 7. 

 Additional IHC staining results note that all samples demonstrated negative stromal 

staining. Most samples exhibited primarily cytoplasmic staining for KLK. Nuclear staining was 

seen for KLK7, KLK11 and KLK14. KLK10 demonstrated positive epithelial cell staining in 

sample 11, while inflammatory cells stained positive for KLK10 in sample 10. Nuclear staining 

with KLK7 in PLGA mirrors previous IHC results from PA, ACC, and MEC samples from our 

laboratory[67]. 
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 It is currently not clear as to why a sample with no demonstrable KLK mRNA on PCR 

would stain positively for KLK protein. There could be a number of factors involved. For example, 

immunoreactivity may represent sequestered protein rather than tumour-expressed protein. The 

reactivity may also suggest high endogenous peroxidase activity in the PLGA specimens; 

although, this may usually be confined to red and white blood cells[89]. Furthermore, this could 

be attributed to nonspecific staining of the PLGA tissue samples. Tissue handling, including 

fixative exposure and tissue desiccation may also contribute to non-specific staining.  

 The no to minimal differences in IHC scores between samples with low and high mRNA 

expression may be explained by a number of postulations. PCR determines the amount of mRNA, 

which may not perfectly correlate with the amount of protein assessed by IHC. Tumour cells may 

be increasing mRNA stability which may lead to higher levels of transcripts. It is also possible that 

since KLKs are secreted proteases, the rate of secretion may outpace translation. However, these 

interesting avenues need further testing.  

 

4.5 IHC staining of KLKs in salivary gland neoplasia 
 Darling et al., and Hashem et al. have completed significant work on KLK IHC staining 

profiles of salivary gland neoplasia, as well as NSGT, including most of the KLKs used in this 

study (KLK7, 8, 10 and 14). Hashem et al. noted KLK7 was significantly overexpressed in PA 

and ACC (OSS 7.0 and 7.5 respectively), when compared to NSGT (OSS 6.5)[67]. Furthermore, 

MEC (OSS 6.33) was not significantly different from NSGT. The PLGA cases in this study, 

whether they had relatively low or higher mRNA expression, both had OSS of 7.0, which we can 

extrapolate as significantly increased as compared to NSGT. In previous work by Darling et al., 

KLK8 was shown to be expressed in NSGT (OSS 7.0), and to demonstrate equal or increased OSS 

in most malignancies: ACC (OSS 7.0+/-1.4), PLGA (OSS 6.9+/-0.5), ACI (OSS 7.0+/-0.8), ANOS 

(OSS 7.6+/-0.7), and MEC (OSS 7.5+/-0.5)[54]. In the present study, OSS in relative low-

expressing KLK8 mRNA samples was 5, and in relatively higher expressing KLK8 mRNA 

samples was 7, which is reasonably consistent with previous work. Darling et al. also described 

KLK10 as found in NSGT (OSS 6.0), and no significant differences in KLK10 expression were 

seen in malignancy: ACC (OSS 5.8), MEC (OSS 6.3)[55]. PLGA was not investigated in Darling 

et al.’s study; however, in the present study, the OSS for KLK10 of our PLGA samples were 

consistent with the other salivary gland malignancies studied (OSS 6 for all three cases). Hashem 
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et al. noted KLK14 was present in NSGT (OSS 6.5), and that, while KLK14 was upregulated in 

PA (OSS 7.25), there was no significant differences seen in salivary gland malignancies: MEC 

(OSS 6.14), ACC (OSS 6.8)[55, 75]. KLK14 stains in our PLGA samples demonstrated OSS of 8, 

despite differences in mRNA levels. Taken together, KLK14 may be recognized as over-expressed 

in PLGA. Darling et al. noted KLK7, 10 and 14 appeared to be correlated in their expression in 

ACC, all demonstrating no significant difference from NSGT. This same correlation does not seem 

evident in our staining of PLGA; KLK7 and 14 show similar IHC profiles, but KLK10 shows 

lower staining scores.  

 Additional IHC include nuclear staining seen with KLK7, KLK11 and KLK14. This could 

suggest a role for these specific KLKs in transcription. Moreover, we could extrapolate that in 

PLGA tumours, specific KLKs are active at the nuclear level to aberrantly regulate transcription, 

leading to tumour pathogenic behaviour. Inflammatory cell staining was observed with KLK10, 

which could demonstrate its involvement with an inflammatory process, contributing to malignant 

features in the PLGA tumour. 

In our experiment, we did not compare NSGT and PLGA staining, as we were interested 

in correlated data from PCR (mRNA expression levels) with IHC, look to elucidate tumour specific 

staining. However, by review previous works that have used the same IHC protocol and staining 

scoring systems, this present study has added value to further characterizing KLK IHC staining 

profiles in salivary gland neoplasia. 

 

4.6 Study Limitations 

 A limitation to this experimental design is that we are unable to detect whether the KLK 

protein is indeed active, we are only able to localize the protein. It is well established that KLKs 

go through an extensive processing in order to be activated; this occurs through the “KLK 

Activome”[60]. KLK genes are transcribed into a pre-pro-enzyme, which goes on to be 

proteolytically processed into an inactive pro-KLK, which become secreted by cleaving their 

amino terminal signal peptide[57]. Lastly, the pro-KLK is activated into a mature peptidase 

extracellularly, by the cleavage of the amino terminal propeptide[51, 60]. This cleavage may be 

done by the KLK itself, a different KLK, or a different protease[57, 63]. To determine the amount 

of active KLK peptidases, one may consider measuring for the peptidase that leads to the final 

activation cleavage process.  
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 Another limitation to the study design was the decision to utilize the entire tissue 3x10µm 

tissue curls from the PLGA tissue samples, rather than selecting out for tumour tissue only. 

Therefore, in addition to tumour cells, stromal cells and normal salivary gland tissue were 

undeniably used in the experimentations, and this may have introduced a source of variability into 

the results.    

An additional limitation to the experimental design was the PLGA tissue samples coming 

from FFPE, stored in archives over a range of years (1987-2013). There has been suggestion that 

perhaps the length of storage of FFPE has effect on extracting macromolecules; however, in 2013, 

Kokkat, et al., demonstrated no significant difference between macromolecules extracted from 

FFPE blocks stored from a decade in comparison to current year blocks[90]. Some of our tissue 

samples were stored greater than 12 years, and perhaps this affected our results and could account 

for lack of specific KLK expression in our PLGA tissue samples. RNA does degrade over its 

storage time; however, partially degraded samples may still be used in downstream experiments, 

such as PCR[90]. Moreover, cross-linking as a result of the fixation process affects RNA 

extraction, but the molecules remain recoverable, in fragmented forms, which are useable for 

analysis, including determining mRNA expression[91]. It could be postulated that using fresh 

frozen tissue samples of PLGA tumour would yield more high quality nucleic acids, and this could 

have altered our results[91]. 

 A limitation to be addressed is that the RT-PCR experiments carried out on NSGT samples 

were completed by our group prior to completing RT-PCR on the PLGA samples used in our study. 

These two data sets were compared, despite being run at different times. A criticism of this would 

be that these data sets do not represent experiments run under the same conditions, as there can be 

day to day changes in fluorescence. As a means to combat this, good PCR practice is maintained 

with ensuring the housekeeping gene (β-actin) is 1-3 cycle thresholds of the normal. Repeating 

RT-PCR with both samples at the same interval may be of benefit and eliminate this weakness in 

our study.  

Another limitation to our study includes KLK antibody availability, as the only antibodies 

accessible for this experiment were KLK7, KLK8, KLK10, KLK11, and KLK14. Unfortunately, 

all of these selected KLKs, except KLK10, are represented in the PLGA samples at low 

percentages. For example, KLK7 was only expressed in 18.8% of PLGA samples. The exception 

was KLK10, shown to be expressed in 62.5% of PLGA samples.  
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Also, we chose to select representative PLGA samples for IHC, one with relatively higher 

mRNA expression for a specific KLK, and one for relatively lower mRNA expression for a specific 

KLK. This was done to address our aim of whether or not the increased expression of KLK mRNA 

was tumour specific. To further support our finding of IHC scores being equivalent or higher in 

those samples demonstrating relatively higher KLK mRNA as compared to those with relatively 

lower KLK mRNA expression, all of our PLGA tissue samples could have been stained with the 

available KLK antibodies.  

Lastly, a limitation to our study includes our inability to designate a single KLK as a 

biomarker for PLGA. As we note, KLKs are co-expressed in salivary gland neoplasia and we 

suspect KLKs to be acting in proteolytic cascades[75]. Therefore, what holds more promise is 

developing a pattern of KLK expression seen in PLGA, in comparison to different salivary gland 

tumours.  

 

4.7 Future directions 

4.7.1 PLGA and activation of a kallikrein protein cascade   
Gene expression of KLK1-15 was shown to be increased in PLGA tissue samples, relative 

to NSGT. This may indicate that all of the KLKs are involved in a complex proteolytic cascade in 

these salivary gland tumours, involving the transcription, translation and activation of each KLK. 

A method of confirming this increased transcription of the KLK chromosome locus in PLGA could 

involve examining the expression of the nearby genes for increased expression, mimicking that of 

KLKs, in PLGA tissue samples. On the centromeric end, the KLK chromosome locus 19q13.4 is 

flanked by testicular acid phosphatase (ACPT) and on the telomeric end, it is flanked by cancer-

associated gene (CAG) and Siglec-9[50]. We could measure transcript levels of ACPT, CAG and 

Siglec-9 in PLGA samples to test this notion. If and when it is established that there is an increase 

of both KLK1-15 transcription and their flanking genes ACPT, CAG, Siglec-9, further 

experiments could confirm the mechanisms of aberrant transcriptional activity of this region. This 

could be achieved by investigating epigenetic alterations in PLGA tissue samples. Genomic 

imprinting is an epigenetic process, which may include DNA methylation, histone modification, 

and/or chromatin folding[92]. Imprinted genes are thought to occur in clusters and may have 

associations with signalling pathways[93]. Genomic imprinting is known to contribute to various 

human diseases, including Prader-Willi and Angelman’s syndrome; it is also thought to be 
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associated with the development and progression of malignancies[94]. Specifically, DNA 

methylation is often associated with shutting a gene “off” and therefore, DNA hypomethylation 

leads to an aberrant increase in gene transcription, thought to be implicated in cancer development 

and progression[94]. Methylation assays could be utilized for the KLK chromosome locus 

19q13.4, and surrounding regions, in PLGA samples[92]. Results of DNA hypomethylation would 

indicate increased transcription of this locus in the development of PLGA tumours. Taken together, 

this increased expression of the KLK chromosome locus and surrounding genes, with epigenetic 

modifications to promote increased transcription, would support an active proteolytic cascade 

involving KLK1-15 in PLGA tumours.  

 

4.7.2 KLK upregulation and PRDK1 Hotspot Mutation in PLGA 

 PRKD1 is a gene that encodes a kinase, which has been implicated in a whole host of 

malignant processes, including: colorectal, breast, esophageal, laryngeal, and other cancers[26, 27, 

37]. In 2014, Weinreb et al. identified a PRDK1 hotspot mutation encoding p.Glu710Asp in 

PLGA[27]. Upon examining their tumour bank, they found this hotspot mutation was present in 

72.9% of cases[27]. Subsequently, the group concluded the PRDK1 mutation conferred a 

neoplastic advantage to the PLGA tumour cells, as there was a significant increase in metastatic-

free survival time in those with the mutation[27]. Given that PLGA is primarily indolent in nature, 

with a low incidence of distant metastasis, this may speak to the nature of the malignancy itself, 

rather than the hotspot mutation[11]. 

 It would be of value to examine the PLGA samples from our study for the PRDK1 hotspot 

mutation. This could be done by sequencing the PLGA samples, obtaining PRDK1 primers and 

completing PCR amplification to localize for the hotspot mutation.  Subsequently, this could then 

be compared to our KLK data, examining the level of mRNA expression of particular KLKs in 

each sample of PLGA having the hotspot mutation. Taken together, we would expect the samples 

that have significant increased expression of KLKs would also express the PRDK1 hotspot 

mutation.  

4.7.3 PLGA cell lines, KLK overexpression and knockdown 

 To better elucidate the function of KLKs in PLGA, it would be useful to study the effect 

of their activity or lack thereof on cancer cells. Previous studies have investigated the functional 

significance of select KLKs in cancer cell lines. In 1998, Goyal et al. transfected KLK10-negative 
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breast tumour cell lines with KLK10, and injected the cells in nude mice. They found that KLK10 

overexpression inhibited tumour growth suggesting a tumour suppression role of KLK10 in breast 

cancer[95]. More recently, Hu et al. performed a similar study in prostate cancer cells and also 

showed that KLK10 conferred a tumour suppression role [96]. 

To our knowledge, KLK expression, and the resultant behaviour, has not been examined 

in PLGA cell lines. When examining the consequences of PRDK1 mutation in cell behaviour, 

Weinreb et al. used non-malignant breast epithelial cell lines, as PLGA cell lines and non-

malignant minor salivary gland cell models were not available[27]. It would be ideal to have an 

established cell line from PLGA tumours; however, should this not be possible, there would be 

value in examining cell behaviour in non-malignant breast epithelial cell lines with modulated 

KLK expression. From the results of our study, it would be reasonable to examine either KLK1, 

4, 10, 12, or 15, as they were statistically upregulated, when compared to NSGT. An expression 

vector, for example coding for KLK1, or an empty vector could be transfected into cells, and 

subsequent in vitro cell migration and invasion assays and cell proliferation assays would then be 

performed to examine cell behaviour. Cells expressing KLK1 and KLK1 knockdown cells would 

be compared. In addition, cells with modulated KLK may be injected in nude mice and 

characteristics such as tumour growth, invasion and metastasis would be examined and compared. 

A functional study such as this design could provide useful information for tumour 

characterization, prognosis, clinical behaviour, and potentially lead to therapeutic targets[96]. 

 
4.7.4 Gender role in PLGA 

 PLGA more commonly occur in females, with a female-to-male ratio of 2.15:1[11, 19]. In 

our study, we presented 19 cases of PLGA, 13 of which were found in women, yielding an above 

average percentage of female patients. Given our results of increased expression of KLKs in 

PLGA, it is interesting to postulate why this gender over-representation may be and if this 

contributes to our overall results. It seems unclear as to why women are more likely than men to 

get PLGA; however, a reasonable thought could be the involvement of hormones in the regulation 

of tumour cells. Additionally, it would be useful to retrospectively examine the clinical features of 

each tumour sample. For example, determining if recurrences were seen more with female or male 

patients, or if clinical behaviour seemed to be gender specific. Unfortunately, with such a small 

sample size of 19, clinical significance would not be obtainable. Perhaps a multi-centre 
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retrospective analysis of patients with PLGA and the role of gender on tumour characteristics 

would be a useful task. 
  

4.7.5 KLK as biomarkers in PLGA 
 We note a limitation to our study was the inability to demonstrate a single KLK as a 

biomarker for PLGA; however, we have added to the KLK expression profile of PLGA, with hopes 

of further developing a recognizable KLK pattern in PLGA, when compared to other salivary gland 

neoplasia. A way to add information to KLK pattern in PLGA would be to examine released KLK 

in bodily secretions (e.g. saliva) in patients with known PLGA. FFPE tissue from the patient’s 

tumour would be used to examine KLK mRNA expression; however, this would then be compared 

released KLK protein in saliva, as determined by ELISA, to note any significant differences. As 

described in previous sections, biomarkers have been categorized as pharmacodynamics, 

prognostic, and predictive. While it would be an aim of future directions to develop an efficacious 

biomarker for PLGA which is diagnostic, it would also be valuable to have a prognostic biomarker, 

which could indicate the likely clinical course of disease the patient would endure if not treated, 

and/or the likely outcome of disease apart from treatment selection. A biomarker for PLGA would 

be unlikely to be pharmacodynamic and/or predictive, given the use of drug therapy has no 

demonstrable benefit at present. Again, we anticipate that multiple KLKs are involved in 

functional protein cascades and this additional experimentation would aid in further developing 

the KLK profile in salivary gland pathology. 
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Chapter 5 

5.0 Conclusion 
 This study examined the expression of human tissue kallikreins in PLGA. Quantification 

of KLK1-15 mRNA in this tumour has not been reported to date. Through RT-qPCR, we 

demonstrated that KLK1, KLK4, KLK10, KLK12, and KLK15 expression is upregulated in 

PLGA. The average levels of KLK1, KLK4, KLK10, KLK12, and KLK15 mRNA expressed in 

PLGA tissue samples were increased relative to NSGT. Immunohistochemistry was carried out on 

PLGA samples showing relatively lower or higher mRNA KLK expression, and showed tumour 

cell-specific immunoreactivity.  

 In conclusion, we believe KLK upregulation in PLGA indicates the involvement of a 

complex proteolytic cascade, and may involve KLK 1, KLK4, KLK10, KLK12, and KLK15. We 

suspect this upregulation of KLK activity may be involved in regulating malignant processes in 

PLGA, and thus implicated in determining its clinical characteristics, including indolent behaviour 

and infrequent metastatic spread. Furthermore, the results of this study significantly add to the 

KLK profile of salivary gland neoplasia, at the mRNA and protein level. Importantly, when 

combining the resultant KLK profile in PLGA with the recently elucidated KLK profile in ACC, 

the resultant differences may render a diagnostic panel useful in differentiating between the 

malignancies. 
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the Carotid Sheath”. Oral Health. June 2016. 

 
2014 J. Cox, M. Darling, Z. Khan, J. Armstrong. “Expression of human 

tissue kallikriens (KLKs) in Polymorphous Low Grade 
Adenocarcinoma (PLGA)”. Journal of Oral and Maxillofacial Surgery. 
2014; 72: e173 

 
2011 R. Bohay, J. Cox, H.J. Lapointe. “Clinical Decision Making: Cone 

Beam Computed Tomography for the Extraction of Impacted Third 
Mandibular Teeth”. Ontario Dentist. 2011; 88, 7: 27-33. 

 
2009 A. Morrison, J Cox. “Incidence of Osteonecrosis of the Jaw (ONJ) 

in Patients Receiving Intravenous Bisphosphonate Therapy: Data 
From the First 50 Patients”. Journal of Oral and Maxillofacial 
Surgery. 2009; 67, 9: supplement pages 37-39. 

MEMBERSHIPS: 
 
2014-present  Ontario Medical Association 
   Canadian Medical Association 
   International Association for Dental Research 
 
2012-present  Canadian Association of Oral and Maxillofacial Surgeons 
   American Association of Oral and Maxillofacial Surgeons 
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2010-present  Ontario Dental Association  

Royal College of Dental Surgeons of Ontario 
 
2003-present  Golden Key International Honour Society 
 
2009-2010 The International Association of Student Clinicians – American 

Dental Association 
 
    
LEADERSHIP ROLES: 
 
2009-2010 Admissions Interviewer, Faculty of Dentistry, Dalhousie 

University 
 

DDS Student Representative, Dalhousie Student Table Clinics 
Committee 

 
2008-2010  Executive President, Dalhousie Dentistry Class of 2010  
 
2007-2008  Executive Secretary, Dalhousie Dentistry Class of 2010  

Chair, Dalhousie Dentistry Class of 2010 Fundraising: 2007-2008 
 
2005-2006 Secretary & Executive Member, Dalhousie University Society of 

Immunology and Microbiology Students 
  
 
RESEARCH EXPERIENCE:  

 
2012- 2017 “Expression of human tissue kallikriens (KLKs) in Polymorphous Low 

Grade Adenocarcinoma (PLGA)”  
   Candidate for MSc, Pathology 
 Supervisors: Drs Mark Darling, Zia Khan, and JE Armstrong 

University of Western Ontario 
Department of Pathology, Schulich School of Medicine and Dentistry 

 
2007- 2010 “Incidence of Osteonecrosis of the Jaw in Patients 

Receiving/Having Received Intravenous Bisphosphonate Therapy” 
(Prospective Trial at the Nova Scotia Cancer Centre to determine 
the risk of developing ONJ while on intravenous bisphosphonate 
therapy). Student Research Investigator under Dr. Archie Morrison 

  Department of Oral & Maxillofacial Surgery 
Victoria General Hospital, QEII Health Sciences Centre 
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2008-2009 “Incidence of Osteonecrosis of the Jaw in Patients 
Receiving/Having Received Intravenous Bisphosphonate Therapy” 
Research Investigator/Oral & Maxillofacial Surgery Elective 
Student 
Faculty of Dentistry, Dalhousie University 

 
 
PRESENTATIONS: 
 
2017 “Primary Intraosseous Squamous Cell Carcinoma (PIOSCC): A 

Rarely Reported Entity in Paediatrics” (Poster). Presented at the 
ACOMS/CAOMS Joint Annual Conference and Exhibition. 

 
“Human Tissue Kallikreins (KLKs) in Polymorphous Low Grade 
Adenocarcinoma (PLGA)” (Poster). Presented at Department of 
Pathology Annual Research Day. 

 
 
2016 “Expression of human tissue kallikriens (KLKs) in Polymorphous 

Low Grade Adenocarcinoma (PLGA)” (Oral Presentation). 
Presented at the Head and Neck Retreat, London Health Sciences 
Centre. 

 
  “Expression of human tissue kallikriens (KLKs) in Polymorphous 

Low Grade Adenocarcinoma (PLGA)” (Oral Presentation). 
Presented at the CAOMS Annual Conference, Scientific Sessions. 

 
2015 “Expression of human tissue kallikriens (KLKs) in Polymorphous 

Low Grade Adenocarcinoma (PLGA)” (Poster). Presented at the 
93rd General Session & Exhibition of the International Association for 
Dental Research.  
 
“Expression of human tissue kallikriens (KLKs) in Polymorphous Low 
Grade Adenocarcinoma (PLGA)” (Poster). Presented at Department of 
Pathology Annual Research Day. 
 

 
2014 “Expression of human tissue kallikriens (KLKs) in Polymorphous 

Low Grade Adenocarcinoma (PLGA)” (Poster) . Presented at the 
AAOMS 96th Annual Meeting, Scientific Sessions and Exhibition. 

  
“Expression of human tissue kallikriens (KLKs) in Polymorphous Low 
Grade Adenocarcinoma (PLGA)” (Poster). Presented at Department of 
Pathology Annual Research Day. 
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2009 “Incidence of Osteonecrosis of the Jaw (ONJ) in Patients 
Receiving Intravenous Bisphosphonate Therapy: data from the first 
50 patients” (Oral Presentation). Presented at the 
AAOMS/CAOMS 91st Annual Meeting, Scientific Sessions and 
Exhibition.  

 
“Incidence of Osteonecrosis of the Jaw in Patients Receiving/Having 
Received Intravenous Bisphosphonate Therapy” (Poster). Presented at 
Canadian Dental Association Annual Convention and Pacific Dental 
Conference.  

 
“Incidence of Osteonecrosis of the Jaw in Patients Receiving/Having 
Received Intravenous Bisphosphonate Therapy” (Oral Presentation). 
Presented at Student Table Clinics, Faculty of Dentistry, Dalhousie 
University 

 
“Incidence of Osteonecrosis of the Jaw in Patients 
Receiving/Having Received Intravenous Bisphosphonate Therapy” 
(Poster) Presented at Undergraduate Health Sciences Student 
Research Day, Faculty of Medicine, Health Professions and 
Dentistry 

 
2008 “Incidence of Osteonecrosis of the Jaw in Patients 

Receiving/Having Received Intravenous Bisphosphonate Therapy” 
(Poster) Presented at Undergraduate Health Sciences Student 
Research Day, Faculty of Medicine, Health Professions and 
Dentistry 

 
 
  
EMPLOYMENT HISTORY: 
  
2011-2012  General Dentist 

Department of Dentistry, London Health Sciences Centre, London, 
Ontario  

 
 
VOLUNTEER AND COMMUNITY: 

 
2009-2016  Run for the Cure Participant  
 
2015   Do It For Dads Walk Run Participant  

Prostate Cancer Canada  
 
2014   Mental Health 10K Run Participant 

 
2002-2010  Dalhousie University, Faculty of Dentistry 
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Operation Outreach (Dental clinic for local refugees) 
 

One-on-One Volunteer with Veterans  
 

Volunteer Math Tutor 
  

East Coast Music Awards Volunteer  
 

“Hockey for Everyone Volunteer” 
 


