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Figure 4.5: Scatter Plots of ACq Values for KLK13-15 in ACC and NSGT. Statistical
Comparison using Mann-Whitney U Test. *p<0.05; **p=<0.01
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Table 4.6: Calculated Two-Tailed P-values from the Statistical Comparison of ACq
Values Between ACC and NSGT using Mann-Whitney U Test

Gene Two-tailed
P-value

KLK1 0.0198

KLK?2 0.1061

KLK3 0.2645

KLK4 0.4525

KLKS 0.0922

KLK6 0.3383

KLK7 0.5571

KLKS 0.0400

KLK9 0.5135

KLKI10 0.2756

KLKI11 0.0064

KLKI12? 0.0655

KLKI13 0.1996

KLK14 0.0440

KLKI15 0.1382
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Table 4.7: Comparison of Median and Quartile ACq Values in ACC and NSGT for
KLKI1, KLK8, KLK11, and KLK14

Gene Tissue Type Median First ACq Third ACq
ACq Quartile (Q1) | Quartile (Q3)
KLKI1 ACC 0.00710 0.00225 0.02611
NSGT 0.02903 0.01288 0.09830
KLKS ACC 0.00543 0.00013 0.01682
NSGT 0.02862 0.01543 0.04847
KLKI1 ACC 0.00146 0.00000 0.01030
NSGT 0.01959 0.00978 0.07486
KLKI14 | ACC 0.00467 0.00014 0.01420
NSGT 0.02583 0.01790 0.02944




Figure 4.6: Box and Whisker Plots of ACq Values for KLK1, KLK8, KLKI11, and

KLKI14 in ACC and NSGT. Statistical Comparison using Mann-Whitney U Test.

*p<0.05; **p=<0.01
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4.3 Verification of PCR Products on Agarose Gel Electrophoresis

PCR products were analyzed by agarose gel electrophoresis for the identification
of KLK1-15 amplicons.

The four gels shown in Figure 4.7 confirm good primer specificity. In Figure 4.8,
the gel has been converted to gray scale to allow easier comparison to the DNA ladder.
Careful inspection of the separated bands in the gel, with reference to the Table 4.8,
confirms the presence of KLK/-15 and ultimately the methodology of cDNA synthesis

from RNA isolated from FFPE specimens.

Figure 4.7: Agarose Gel Electrophoresis of PCR Products KLKI-15 in ACC (A-C)
and NSGT (D)
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Figure 4.8: Agarose Gel Electrophoresis of PCR Products from ACC Showing Band

Separation of KLK1-15 Amplicons in Reference to TrackIT 100 bp DNA Ladder

bp

600 -

100 -

Table 4.8: Number of Base Pairs for KLK Amplicons

KLK Number of
Amplicon Base Pairs
KLK] 118

KLK2 134

KLK3 101

KLK4 172

KLK5 96

KLK6 146

KLK7 171

KLKS 114

KLK9 184
KLK10 134
KLKI1 183
KLKI2 81

KLKI13 185
KLK14 104
KLKI15 135

> KLKIS
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Chapter 5

5 Discussion

The kallikrein family constitutes the largest cluster of proteases within the human
genome, and all 15 KLK genes are encoded in tandem on chromosome 19q13.3-13.4 (47).
All KLKs share similarities in their DNA sequences and tertiary structures suggesting
conserved function amongst the encoded proteins (42, 46). They have been reported to
play important roles in physiological pathways, such as blood pressure control, semen
liquefaction, skin desquamation and innate immunity (42). Kallikreins have also been
implicated in pathologic processes. Studies have shown that KLKSs influence
tumorigenesis through their effects on EMT, disruption of normal oxygen balance,
degradation of the ECM, and involvement in tumor cell proliferation (49, 55).

KLK3 has been the most widely studied kallikrein, and it exemplifies the
families’ potential role as biomarkers (92). Furthermore, the discovery of extra-prostatic
expression of KLLK3 in salivary tissues, using in situ hybridization and RT-PCR, suggests
that KLKs may be involved in salivary tumors (93).

Shaw et al. identified the presence of all members of the kallikrein family in
salivary glands at the time of post-mortem autopsy using semiquantitative RT-PCR of
human tissue extracts (63). Previous research in our laboratory has demonstrated either
increased or decreased immunohistochemical expression of KLKS5, KLK6, KLKS,
KLK10, KLK13 and KLK 14 in salivary tumors compared to NSGTs (94-99). Based on
these findings, Darling et al. has stated that kallikreins may serve as valuable biomarkers
for the diagnosis and monitoring of salivary gland carcinomas (95, 97).

In this study, we have reconfirmed that all human kallikreins are expressed in

NSGT using RT-qPCR. However, to our knowledge we are the first group to explicitly
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exclude samples with any evidence of inflammation. We feel this is important given that
previous researchers have implicated the involvement of kallikreins in inflammatory
processes, and histological inflammation can affect KLK expression levels (42, 48). For
example, elevated PSA levels have been observed in patients with benign conditions such
as prostatitis or benign prostatic hyperplasia (100). Okada et al. have shown that
inflammation within biopsy specimens correlates with elevated total PSA levels (101).
Furthermore, subclinical inflammation seems to not only increase total PSA levels but
also decreases free PSA, in much the same manner as prostate cancer (100). This makes
interruption of PSA values in the gray zone (4-10 ng/ml) difficult and lowers the test’s
specificity. Based on this information it seemed only appropriate to first compare non-
inflamed NSGT to ACC specimens in the initial evaluation of the utility of KLKSs as
biomarkers in salivary gland tumors.

As previously stated, the presence of KLLKs has been studied at both the protein
and nucleic acid level in NSGT and salivary gland tumors. However, this is the first time
kallikrein expression in NSGT and ACC has been measured using RT-qPCR.

In this study, ACC has been shown to express significantly lower levels of KLK1,
KLKS, KLK11 and KLK14 compared to NSGT. Of these kallikreins, KLKS8 and KLK 14
have previously been studied in ACC tissues using immunohistochemical expression (96,
98).

KLKS is a favorable prognostic marker in ovarian and non-small cell lung cancer
(102-104). It is known to suppress cancer metastasis (103), and it is indicative of low-
grade disease and improved overall survival (102, 103). Experimental studies have

shown that overexpression of KLKS suppresses the invasiveness of cancer cell lines
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(103). Furthermore, KLKS retards cancer cell motility by inhibiting integrin signaling
and actin polymerization through the cleavage of fibronectin (103). Sher et al., using
microarray analysis, found that the overexpression of KLK8 downregulates VEGF
signaling, a key inducer of angiogenesis and cancer development (103). In breast
cancer, KLKS8 expression has been shown to be downregulated using RT-PCR (105).

In our study, we have demonstrated decreased expression of KLKS8 in ACC
compared to NSGT. Previous work in our laboratory showed that malignant salivary
gland tumors express significantly higher levels of KLKS8 than normal salivary glands
(96). However, the difference in expression was largely due to increases in expression in
mucoepidermoid carcinoma and adenocarcinoma not otherwise specified (96). As for
ACC, no significant difference in immunoreactive levels was observed compared to
normal controls (96).

Growing evidence suggests that both kallikrein gene and protein expression are
commonly upregulated or downregulated in coordination (106) Therefore, based on our
observation of decreased KLKS8 expression one would expect the protein levels of KLK8
to be decreased in ACC, but instead they appeared to be unchanged. One possible
explanation for this finding is that the immunoperoxidase staining technique used by
Darling et al. was not sensitive enough to detect subtle differences in expression between
ACC and the controls.

Unfortunately, the clinical outcomes of the patients included in this study are
unavailable. Thus, we can only speculate about the potential role of kallikrein 8 in ACC
development. It is possible that KLK& downregulation eliminates its ability to suppress

tumor cell invasion and may provide an explanation for ACC’s propensity for perineural
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spread. Also, KLKS8 downregulation may facilitate hematogenous spread through VEGF
upregulation.

KLK14 expression is under steroid hormone regulation, and it has a restricted
expression pattern (107). It is found predominantly in the central nervous system and
endocrine-related tissue (107). In prostate tissue, KLK 4 upregulation is seen in
cancerous tissue compared to non-cancerous tissue independent of PSA values and higher
expression levels correlate with advanced and aggressive disease (108). With respect to
breast cancer, the role of KLK 14 as a marker is less clear. Yousef et al. reported a loss of
KLK 14 expression in 21 of 25 breast cancer samples analyzed using RT-PCR (109). In
contrast, Papachristopoulou et al. observed higher KLK 74 expression in malignant breast
tumors compared to benign tumors (110). In addition, KLK14 overexpression has been
associated with increased breast tumor size and stage (110, 111) and increased KLK 14
protein levels have been linked to positive nodal status (111).

Studies have shown that KLK 14 can activate PAR2 (112, 113). PAR2 belongs to
a family of four ubiquitous G-protein coupled receptors (PAR1-4), known as protease-
activated receptors (PARs) (106). PARs play a diverse role in physiologic processes
such as hemostasis, inflammation, and wound healing (114, 115). PAR signaling has
also been linked to carcinogenesis and has been identified in numerous tumors (115).
Based on an in vitro study, it has been suggested that aberrant KLK 14 expression
activates PAR2 leading to colon cancer proliferation (116). It would be interesting to
determine if PAR2 and KLLK 14 are co-expressed in ACC. It has previously been shown
PAR?2 is not only expressed in normal salivary glands, but it is involved in the control of

normal exocrine function (117). The presence of PAR2 in salivary gland neoplasms has
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not been confirmed, and it is possible that KLK 14 may mediate their development
through PAR2 signaling.

Previously published results from our laboratory found KLK 14 to be expressed in
normal salivary glands, pleomorphic adenomas, ACCs and mucoepidermoid carcinomas
(98). In ACC, the immunoreactivity of KLK 14 was increased compared to normal
control tissue but did not reach statistical significance (98). In our study, we have found
downregulation of KLK14 at the DNA level.

Yousef et al. have previously reported discrepancies between gene and protein
expression for many kallikreins (118). They went on to show that miRNAs play a role in
KLK protein expression through post-transcriptional control mechanisms (59). A single
miRNA was found to have the ability to target multiple kallikreins and simultaneously
turn off their protein expression (59). Our laboratory findings appear unique in that
protein levels seem upregulated and gene expression is downregulated for KLK/4 in
ACC. Additionally, KLK13 expression has been found to be significantly increased in
ACC compared to normal control (97), yet no difference is seen between in KLK13
levels.

In some rare instances, protein translation has been enhanced by miRNAs in non-
kallikrein studies (119-121). Vasudevan et al. have shown that miRNAs can either
enhance or repress translation depending on differences in the cell cycle state (121). In
proliferating cells, miRNAs downregulate translation and in cells in the arrested phase of
the cell cycle miRNAs activate translation (121). Therefore, in ACC, where the
proportion of cycling tumor cells has been found to be as low as 0.3% (122), miRNAs

may in fact be responsible for increased KLK 14 expression. We can then hypothesize
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that KLK 14 may inhibit its own transcription in a negative feedback loop as it becomes
more abundant. Bayes et al. have shown that KLK6 activity is regulated by a negative
feedback inhibition mechanism (62). However, this occurs post-translationally through
autolytic cleavage (62). To our knowledge, a negative feedback loop that has control on
kallikrein transcription has yet to be described, and further studies are needed to either
confirm or dispute its existence.

The mRNA and protein concentrations of KLK1 and KLK11 in NSGTs have
previously been studied (63, 123). However, their abundance in salivary gland tumors
has not been confirmed until now. In our study, we found KLK/ and KLK11 to be
downregulated in ACC compared to NSGT.

Few studies have detailed coordinated changes in KLK/ and KLK11 expression in
either normal physiology or disease. Komatsu et al. demonstrated abundant co-
expression of KLK1 and KLK11 compared to other members of the kallikrein family in
normal human skin (124). In addition, increased expression of both KLLK1 and KLK11
has been observed in high-grade renal cell carcinoma compared to low-grade renal cell
carcinoma using immunohistochemistry (89, 125). Nonetheless, the parallel co-
expression of KLK7 and KLK11 is an uncommon finding, and we are the first to
document its occurrence in salivary gland tumorigenesis.

Studies looking only at the KLKI gene have shown that single nucleotide
polymorphisms (SNPs) are associated with coronary artery stenosis (126), cerebral
hemorrhage (127) and essential hypertension (128). Kontos et al. have suggested that
SNPs of kallikrein genes possess value as putative genomic biomarkers (50). Evidence

supporting this statement stems from research studying the role of PSA in prostate
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cancer. Morote et al. found that SNPs of KLK?2 helps predict biochemical recurrence
after radical prostatectomy (129). The presence and/or significance of kallikrein SNPs in
salivary gland tumors have not been studied to date. It is possible that they may prove to
be useful biomarkers; therefore, this hypothesis should be studied further.

Accumulating evidence indicates that alterations in KLK7 1 expression are seen in
a number of malignant tumors. Increased KLK71 mRNA levels have been observed in
prostate (130) and ovarian cancer (131) while decreased mRNA levels have been
reported in testicular (85) and laryngeal cancer (88). In most cases, the differential
expression pattern of KLK/1 in cancers has been documented to occur in conjunction
with other members of the kallikrein family. Planque et al. highlighted this observation
in non-small cell lung carcinoma (132). They found that KLK11 and six other
kallikreins, including KLK4, KLKS8, KLK10, KLK12-14, are more accurate in
diagnosing lung cancer when considered together, as a multiparametric panel, rather than
individually (132).

The role of kallikreins as cancer biomarkers has been questioned due to their lack
of sensitivity and specificity in many tumors (133). However, the combination of
multiple members of the KLK family, with or without other candidate biomarkers, may
improve their clinical utility (50, 132, 133). Following the work of Planque et al. in lung
cancer (132), a later study looked at the usefulness of a multiparametric panel in ovarian
cancer (134). In that study, it was found that a combined panel of KLK6, KLK13, and
CA125 is more sensitive in detecting early stage cancer than C4 125 alone (134).

Previously, Darling et al. have suggested that individual kallikreins cannot be

considered as specific markers for salivary gland tumors (95, 97, 99). Furthermore, if
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KLKs are to be useful as biomarkers in salivary gland tumors multiparametric panels will
need to be identified (98). In this study, we have documented for the first time changes
in co-expression of multiple KLKs in a salivary gland tumor. It is possible that the
downregulation of KLK1, KLK8, KLK11, and KLK14 may represent a newfound KLK
panel for the diagnosis of ACC, and this warrants further investigation moving forward.
If the co-expression of these four KLKs proves to be a valid multiparametric panel, it
would be interesting to also study the expression of c-kif to see if it improves the panel’s
sensitivity and/or specificity compared to the KLKs alone. One anticipated challenge in
the development of a multiparametric panel for the diagnosis of ACC is that the
difference in ACq values between ACC and NSGT is quite small for all four kallikreins.
Additionally, the expression levels of the four KLKs in the FFPE samples may not truly
reflect those in the original tissues, which have not been subjected to heat, chemical
exposure, and long-term storgage. Therefore, KLK expression will also need to be
measured in fresh frozen samples. This will be discussed in more detail below.

The use of FFPE tissues for RT-qPCR is a feasible technique, which allows for
the quantification of gene expression and the detection of disease-specific biomarkers
(135, 136). A number of studies have successfully confirmed that extracted gene
transcripts can be processed in this manner (137-139). Therefore, given the large
archival collections of FFPE tissue samples worldwide the gene expression of countless
diseases can be easily studied retrospectively. However, some researchers have
questioned the accuracy of the quantitative analysis due to concerns about RNA
degradation within the embedded specimens over time and the ill effects of delayed

formalin fixation on RNA due to its short half-life (135, 140). Godfrey et al. previously
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showed that only 3% of RNA from fixed samples is available for reverse transcription,
which was reflected in higher Crvalues by ~5 cycles in fixed compared to fresh tissues
(140). For this reason, the expression of target genes must be normalized to a
housekeeping gene if their levels are to be compared between specimens (135, 136). This
process is thought to eliminate the effects of differences in RNA degradation between
samples, but it does assume that the RNA of target and housekeeping genes degrade at
the same rate within a particular sample (136).

This study is the first to quantify kallikrein expression in ACC and NSGT from
FFPE extracts. As previously discussed, the expression of individual kallikreins was
normalized to f-actin in each sample and inter-specimen analysis was then performed
using relative quantification. Although this methodology accounts for the difference in
RNA degradation between specimens, it does overlook the fact that the measured RNA
levels may not reflect the actual expression levels in the tissues before fixation (140).
Therefore, the development of a future multiparametric panel for ACC should ideally use
fresh tissues to maximize its accuracy.

Kallikreins have been identified in numerous biological fluids (63). However,
KLK1, KLKS8, KLK11, and KLK 14 have only been observed together in saliva and
cervicovaginal fluid (63). In this study, saliva from patients with ACC and NSGT was
not available. In the future, it would be interesting to look at the expression levels of
KLKI, KLKS8, KLKI11, and KLK14 in both saliva and tissue specimens in patients with
ACC. Planque et al. previously found the concentration of KLK11 to be upregulated in
the serum of patients with non-small cell lung carcinoma and downregulated at the

mRNA level in the cancerous lung tissue (132). They speculated that KLK 11 was being
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leaked into circulation due to the destruction of lung tissue and angiogenesis (132).
Therefore, it is possible that the concentrations of KLKs may be increased in the saliva of
patients with ACC and can be used for cancer detection. This could reduce the need for
biopsies and help overcome some of the shortfalls of FNA in the diagnosis salivary gland
tumors.

A limitation of this study is that all of the NSGT samples were taken from minor
salivary glands. In contrast, some of the ACC samples were from major salivary glands.
It is possible that this may have impacted the observed differences, or lack thereof, in the
expression levels of each KLK between the two tissue types. Evidence supporting this
speculation comes from previous work in our laboratory that showed higher expression of
KLKS®6 in normal major glands compared to normal minor glands (95). Therefore,
moving forward attempts should be made to compare KLK expression levels between
minor and major salivary glands for both ACC and NSGT to determine any effects it may
have on the results of this study.

Lastly, future studies need to include tissue samples with inflammation present
within the glandular tissue. Although we excluded these samples in this study to help
limit the effects of inflammation on kallikrein expression, this may not truly reflect
salivary gland tumors in clinical practice. The impact this may have on the pattern of
KLK expression in ACC remains unknown, however, one can postulate that inflammation
will confound KLK levels in much the same way inflammation impacts PSA levels in

prostate tissue.
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Chapter 6

6 Conclusion

In this study, we looked at the gene expression of kallikreins in ACC and NSGT.
For the first time, we have quantified the expression of KLK/-KLK15 in both tissue types
using RT-qPCR. Furthermore, the extraction of total RNA from archived FFPE samples
is also novel to the study of KLK expression in salivary gland tissues. We were able to
confirm successful amplification of the KLK PCR products using melting curve analysis
and gel electrophoresis.

Our results show that all KLKs are expressed in both ACC and NSGT.
Furthermore, we report differences in the levels of certain KLKs in ACC compared to
controls. Specifically, the expression of KLK1, KLKS8, KLK11 and KLK14 are
downregulated in ACC.

We believe this study suggests that decreased kallikrein expression may be
involved the development of ACC and may contribute to its distinct clinical behavior,
which ranges from local invasion to distant metastasis. We hope to further investigate
whether a multiparametric panel of KLK 1, KLKS8, KLK11 and KLK14 may be useful in

the diagnosis of ACC.
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