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ARTICLE INFO ABSTRACT

Keywords: Background: Oral squamous cell carcinoma (OSCC) remains a challenging cancer to treat despite all the advances
OSCF ) of the last 50 years. Kallikrein 5 (KLK5) is among the serine proteases implicated in OSCC development. However,
Kallikrein 5 whether the activity of KLK5 promotes carcinogenesis is still controversial. Moreover, knowledge regarding the
;EE\;T; role of the KLK5 cognate inhibitor, Lympho-Epithelial Kazal-Type related Inhibitor (LEKTI), in OSCC is scarce. We

have, thus, sought to investigate the importance of KLK5 and LEKTI expression in premalignant and malignant
lesions of the oral cavity.

Methods: KLK5 and LEKTI protein expression was evaluated in 301 human samples, which were comprised of non-
malignant and malignant lesions of the oral cavity. Moreover, a bioinformatic analysis of the overall survival rate
from 517 head and neck squamous cell carcinoma (HNSCC) samples was performed. Additionally, to mimic the
uncovered KLK5 to serine peptidase inhibitor (SPINK5) imbalance, the KLK5 gene was abrogated in an OSCC cell
line using CRISPR-Cas9 technology. The generated cell line was then used for in vivo and in vitro carcinogenesis
related experiments.

Results: LEKTI was found to be statistically downregulated in OSCCs, with increased KLK5/SPINK5 mRNA ratio
being associated with a shorter overall survival (p = 0.091). Indeed, disruption of KLK5 to SPINK5 balance through
the generation of KLK5 null OSCC cells led to smaller xenografted tumors and statistically decreased proliferation
rates following multiple time points of BrdU treatment in vitro.

Conclusion: The association of increased enzyme/inhibitor ratio with poor prognosis indicates KLK5 to SPINK5
relative expression as an important prognostic marker in OSCC.

Prognostic marker

Abbreviations: BrdU, 5-Bromo-2-Deoxyuridine; DMEM, Dulbecco’s Modified Eagle’s Medium; DAPI, (4/,6-diamidino-2-phenylindole); FBS, Fetal Bovine Serum;
GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; GDC, Genomic Data Commons; HNSCC, Head and Neck Squamous Cell Carcinoma; HNSCCs, Head and Neck
Squamous Cell Carcinomas; HRP, Horseradish peroxidase; H&E, Hematoxylin and Eosin; hrKLK5, Human Recombinant Kallikrein 5; IgG, Immunoglobulin G; KLKs,
Kallikreins; KLK5, Kallikrein 5; KLK7, Kallikrein 7; LEKTI, Lympho-Epithelial Kazal-Type related Inhibitor; Mrna, messenger RNA; O.M., human Oral Mucosa;
0SSC, Oral Squamous Cell Carcinoma; PAR2, Protease-activated receptor 2 (PAR2); P.D.C., Poorly Differentiated Carcinoma; P.L., Premalignant Lesions; RT., Room
Temperature; SPINKS5, Serine Peptidase Inhibitor Kazal type 5; W.D.C., Well Differentiated Carcinoma.
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Introduction

Oral Squamous cell carcinoma (OSCC) accounts for more than 95%
of all oral cancers and is characterized by a delayed clinical detection,
poor prognosis, and a modest 5-year survival rate (1). Therefore, it is
of upmost importance to investigate novel molecular mechanisms and
markers for its diagnosis and prognosis.

Kallikrein-related peptidases (KLKs) constitute a large family of se-
creted serine proteases that are expressed in multiple tissues (2). KLKs
are involved in many tightly regulated physiological functions and their
altered expression or regulation has been consistently implicated in wide
range of cancers (3-5). Interaction with endogenous protease inhibitors
is one of the key mechanisms that control KLKs’ proteolytic activity
6,7).

KLKS5 plays a crucial role in skin desquamation through the prote-
olytic processing of corneodesmosomal proteins (8,9). This process is
tightly regulated via direct inhibition of KLK5 by Lympho-Epithelial
Kazal Type-related Inhibitor (LEKTI) (8). LEKTI is a large protein en-
coded by the Serine Peptidase Inhibitor Kazal type 5 (SPINK5) gene and is
comprised of 15 Kazal-type serine protease inhibitory domains (10). Al-
tered KLK5 expression, which includes inconsistencies regarding its in-
crease or decrease, has been previously reported in head and neck squa-
mous cell carcinomas (HNSCCs) (11-15). Moreover, KLK5 and SPINK5
are part of a gene signature found to predict lymph node metastasis in
HNSCCs (16-18).

In this study, we have investigated whether the relative expression of
KLKS5 and LEKTI, in malignant lesions of the oral cavity, might be useful
for developing near future prognostic markers for this disease. Indeed,
using in vivo and in vitro approaches, we have shown that an increase in
KLK5 expression relative to SPINK5 expression elicited signaling mech-
anisms leading to disease aggressiveness.

Material and methods
Human tissue samples

The retrospective cohort study included formalin-fixed and paraffin-
embedded samples of human oral mucosa (O.M., non-neoplastic oral
samples diagnosed with fibrous hyperplasia, n=50), premalignant le-
sions (P.L., oral leukoplakia, n=50) and OSCCs (well differentiated
OSCC, W.D.C., n=122; and poorly differentiated OSCC, P.D.C., n="79),
retrieved from the archives of the Division of Oral and Maxillofacial
Pathology, Department of Stomatology, School of Dentistry, University
of Sao Paulo. The samples were collected between 2010 and 2018. Spec-
imen inclusion criteria: 29-96 years old patients, regardless of gender or
ethnicity. Exclusion criteria: lip and/or oropharyngeal lesions. Dr. Braz-
Silva and Dr. Sales performed a blinded histopathological validation of
the samples included in the study.

Cells

The HNSCC cell lines Cal 27, UD-SCC-2, HN6, and HN30 were a kind
gift from Dr. J. Silvio Gutkind (University California San Diego, San
Diego, CA, USA). Cal 27 and HN6 are derived from human tongue squa-
mous cell carcinomas (19,20). HN30 is derived from a pharyngeal squa-
mous cell carcinoma (20). UD-SCC-2 is derived from a hypopharyngeal
squamous cell carcinoma (21). Cells were cultured in Dulbecco’s modi-
fied Eagle’s Medium (DMEM) (Thermo Fisher Scientific, Waltham, MA)
supplemented with 10% fetal bovine serum (FBS) (Merck, St. Louis, MO,
USA), 0.434mg/mL glutamine, and an antibiotic-antimycotic reagent
(Thermo Fisher Scientific).

Antibodies and recombinant protein

The following primary antibodies were used in this study: mouse
anti-SPINK5 (3ug/ml - Clone HPA009067, Merck); rabbit anti-
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Kallikrein 5 (3 pg/ml — Cat#: ab28565 Abcam Plc, Cambridge, UK) and
anti-BrdU antibody (Clone #5292 - 0.48 ug/mL, Cell Signaling Technol-
ogy, Danvers, MA, USA). Recombinant Domain 6 of LEKTI inhibitor was
generated as previously described (8).

LEKTI and KLK5 immunohistochemistry

Six um sections were cut from each specimen and mounted on glass
slides. Tissue sections were deparaffinized in xylene, rehydrated and
stained either with hematoxylin and eosin (H&E) or immunostained
for LEKTI or KLKS5. Briefly, the samples were subjected to antigen re-
trieval by boiling in 0.01 M sodium citrate buffer, pH6.0, for 12 min,
and the endogenous peroxidase activity was quenched by incubating
the tissues in 3% hydrogen peroxide in methanol for 20 min at room
temperature (RT). The sections were blocked for 1 h at RT with 2%
bovine serum albumin in PBS and incubated overnight at 4 °C with the
primary antibodies. Bound antibodies were visualized using appropriate
biotin-conjugated secondary antibodies and the Vectastain ABC Elite kit
(Vector Laboratories, Burlingame, CA, USA), before incubation in 3,3’-
diaminobenzidine (25 mg/mL, Merck) and H,0,. Subsequently, the sec-
tions were counterstained with hematoxylin, dehydrated, cleared in xy-
lene and coverslips mounted with Permount (Thermo Fisher Scientific).
Negative controls were carried out using non-immune anti-rabbit IgG
(3 ug/ml, Cat#: 011-000-003, Jackson ImmunoResearch Laboratories
Inc., West Grove, PA, USA) for LEKTI and for KLK5. Images were ac-
quired using an Olympus VS120 slide scanner (Olympus Corporation,
Tokyo, Japan). Image J software (22) was used to quantify the total ep-
ithelial area and the stained epithelial area of each sample. Briefly, for
each slide stained for LEKTI or KLKS5, ratios between the total epithelial
area (um?) and immunolabeled epithelial area (um?) were calculated
and plotted as a percentage (%).

Bioinformatic analysis of TCGA samples

The Head-Neck Squamous Cell Carcinoma (TCGA-HNSCC) dataset
for Cancer Genomics (23) was analyzed for mRNA expression levels of
SPINK5 and KLK5 genes and clinical features. Data were downloaded
from Genomic Data Commons (GDC) on June 2020. Overall survival
analysis of 517 HNSCC samples was done using Kaplan-Meier, logrank
and Cox regression. Samples were classified as low/high SPINK5 and/or
KLKS if gene expression was in the bottom 25% or the top 25% of HNSCC
samples, respectively. In addition, a dataset of 249 OSCCs was analyzed
for mRNA expression levels of SPINK5 and KLK5 genes (W.D.C. samples
comprise low and intermediate histological grades, respectively, G1 and
G2, n=201; and P.D.C. comprises high histological grades, G3 and G4,
n=48).

KLK5 and SPINK5 mRNA expression analysis in HNSCC cell lines

HNSCC cell lines were plated in 6 well plates and cultivated
overnight in DMEM containing 10% FBS. Total RNA was purified from
1x10° cells using Trizol reagent (Thermo Fisher Scientific), as recom-
mended by the manufacturer. Reverse transcription and PCR amplifica-
tion (RT-PCR) were performed using the High-Capacity cDNA Reverse
Transcription Kit (Thermo Fisher Scientific), as recommended by the
manufacturer (Merck) using gene-specific primers for human KLK5 and
SPINK5 genes. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as an endogenous control gene. Amplicons were analyzed by
agarose gel electrophoresis. Primer sequences were as follows:

KLK5 Forward: 5"- GTGGGTGCTCTGTGCTCTGA - 3’;

KLK5 Reverse: 5- TCCTGGTTGCTCCCAGAGG - 3’

SPINK5 Forward: 5’- TGTGTGCCAGTGTGTTCAAA - 3’;

SPINK5 Reverse: 5- GGAGTCGTCCATTCCTCACA - 3’

GAPDH Forward: 5- AGATCCCTCCAAAATCAAGTGG - 3’;

GAPDH Reverse: 5'- GGCAGAGATGATGACCCTTTT - 3;
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Generation of KLK5 knockout cells

To disrupt the KLK5 genes in Cal 27 cells, two 20-nt target DNA
sequences preceding a 5’-NGG PAM sequence at signal peptide region
within exon 1 in the genomic KLK5 locus (NC_000019.10) were selected
for generating single-guide RNA (sgRNA) for SpCas9 targets using the
CRISPR design website http://crispr.mit.edu/ (24). The two target se-
quences are as follows:

Guide 1: 5"-~-AGCAAGACCCCCCTGGATGT-3’

Guide 2: 5"-TGGCTACAGCAAGACCCCCC-3’

To express SpGuides in the targeted cells, sense and antisense
oligos of the two target sequences were annealed and cloned into
the LentiCRISPR v2 vector by BsmB1 (New England Biolabs, Boston,
MA, USA), respectively. The lentiCRISPR v2 vector (25) was pur-
chased from Addgene (Cat. 52961; Cambridge, MA, USA). All clones
were confirmed by DNA sequencing using the following primer: 5-
GGACTATCATATGCTTACCG-3’, from the sequence of U6 promoter that
drives expression of sgRNAs. Both synthesis of primers and oligos and
sequencing of PCR products and clones were performed at the Food
and Drug Administration - Center for Biologics Evaluation and Research
(CBER) Facility for Biotechnology Resources at National Institutes of
Health (Bethesda, MD, USA).

The generated LentiCRISPR constructs were transfected together
with the packaging plasmid psPAX2 (Addgene: 12260), and the en-
velope plasmid pMD2.G (Addgene: 12259) into HEK293T cells using
lipofectamine 3000 as directed by the manufacturer (Thermo Fisher
Scientific). After 24 h, the supernatant containing viral particles was
used to transduce Cal 27 cells. After transduction, puromycin-selected
clones were screened by PCR amplification of the targeted genomic re-
gion followed by Sanger DNA sequencing for analysis of mutations. Mu-
tants were selected based on occurrence of mutations that generated a
frameshift or major disruption of the signal peptide region. In the se-
lected clones, expression of KLK5 was determined by Western blot anal-
yses.

Cell proliferation analysis — BrdU incorporation assay

Wild-type or KLK5 KO Cal 27 cells were plated at 5x 10* cells per
well in 24 well plates and cultivated overnight in DMEM containing
10% FBS. Cells were then incubated with 30 pg/mL of BrdU (5-Bromo-
2-Deoxyuridine; Merck) at 37 °C for 1, 2, and 3 h. Subsequently, the
cells were fixed with ice cold 70% ethanol for 5min, washed with PBS
for 5min before the addition of 1.5M HCI and incubated for 30 min
at RT. Cells were then washed with PBS and blocked (5 pg/mL Normal
Donkey IgG - Jackson Immunoresearch Laboratories Inc. -in PBS plus
1% BSA) for 1 hour at RT before incubation with anti-BrdU antibody
(Clone #5292 — 0.48 pg/mL, Cell Signaling Technology, Danvers, MA,
USA) overnight at 4 °C. After incubation, cells were rinsed thoroughly in
PBS and incubated for 45 min at RT with donkey anti-mouse IgG F(ab)’,-
Alexa 488 antibody diluted in PBS (2 ug/mL, Thermo Fisher Scientific).
Cells were then rinsed in PBS and mounted with DAPI (4/,6-diamidino-2-
phenylindole) Fluoromount-G (Electron Microscopy Sciences, Hatfield,
PA). Cells incubated without primary antibody served as controls, and
they were all negative. All samples were analyzed using a DMI 6000B
fluorescence microscope (Leica Microsystems; Heidelberg, Germany).
Five representative images were acquired from each sample. Image J
software was used to obtain the percentage (%) of cells stained with
BrdU out of the total number of cells stained with DAPI (22). The per-
centage of BrdU positive cells was used as a measure of proliferation.

Scratch assay

Wild-type or KLK5 KO Cal 27 cells were plated at 1x10° cells per
well in 6 well plates and cultivated for 16 h in DMEM containing 10%
FBS. During this period, Cal 27 WT cells were treated or not with recom-
binant LEKTI Domain 6 (1.2 pM), a KLK5 cognate inhibitor, in order to

Translational Oncology 14 (2021) 100970

mimic KLK5 KO Cal 27 cells. A 10 pL plastic tip was used to scratch
the cells in the middle of each well. Images were acquired at 0, 24, 48
and 72 h after scratching (time 0) using an inverted microscope coupled
with a camera (Leica CTR 6000). Images were analyzed using the FIJI
image processing package (26), where the area between the edges of the
risk were measured every time the images were acquired. The wound
closure area was calculated using the following the formula: Wound Clo-
sure Area = Area [TO] — Area [Tn]

Tumor xenograft

Males and females’ Swiss Nude mice were obtained from the Trans-
genic Mice Animal Facility of the Ribeirao Preto Medical School, Uni-
versity of Sao Paulo. All the experiments were approved by the Ethics
Committee for Animals Usage (Process #: 127/2019). Four-week-old
Swiss Nude mice were injected in both flanks with 2 x 10° cells, in serum
free DMEM, per site. The left flank was injected with WT Cal 27 cells,
while the right flank was injected with KLK5 KO Cal 27 cells. Mice were
periodically inspected and 40 days after injection the size of the result-
ing tumor was measured every 3 days. Tumor width and length were
measured using a caliper and volume values were calculated using the
following the formula (27):

(width X length)?
2
Mice were euthanized, using overdose of chemical anesthetics, about
11 weeks after transplant and tumors were removed for histological
analysis. Tumor lesion > 20 mm was considered as the endpoint for the
experiment.

volume =

Statistical analysis

Results were analyzed using GraphPad Prism (GraphPad Software,
Inc., La Jolla, CA) or R (R Project 4.0). In the analysis of LEKTI and
KLKS5 protein expression, statistical differences were assessed by Kruskal
Wallis test followed by Dunn’s Multiple Comparison test. In the anal-
ysis of LEKTI and KLK5 mRNA expression statistical differences were
assessed by Mann-Whitney U test. Kaplan-Meier, logrank test, and the
multivariate Cox regression model was used in overall survival analysis
comparing enzyme/inhibitor, each individual gene, tumor stage, gender
and race. SPINK5 and KLKS5 expression, TNM staging, gender, and race
were used in the cox regression model. The analysis of KLK5 protein
expression in low LEKTI and high LEKTI samples was assessed by two-
way ANOVA. Chi-Square test was used to assess differences in patients
harboring low LEKTI and high LEKTI protein expression. In the analysis
of wound closure two-way ANOVA with Tukey’s Multiple Comparisons
tests were used. Unpaired t-test was used to assess differences in BrdU
incorporation between Cal 27 WT and Cal 27 KO cells. Two tail paired
t-test was used to assess differences in tumor weight between Cal 27 WT
and Cal 27 KO cells.

Results
LEKTI expression is decreased in OSCCs

To investigate the expression of LEKTI and KLK5, we have performed
immunohistochemical analysis of 301 human oral samples of which 201
were OSCCs. The results showed that LEKTI and KLK5 (Fig. 1, respec-
tively black and red arrows) are expressed in the outermost layer of the
epithelia in O.M. (oral mucosa), in which there is absence of dysplastic
cells in the basal layer of the epithelia (Fig. 1B and 1 C; O.M.) and in P.L.
(premalignant epithelial lesions of the oral cavity) (Fig. 1E and 1 F; oral
dysplasia, P.L.). These premalignant lesions have dysplastic cells (atyp-
ical keratinocytes) in the bottom third of the epithelia that comprises
the basal and spinous cell layers (P.L., black arrowheads show atypi-
cal keratinocytes). In OSCC samples, LEKTI and KLK5 are expressed by
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Fig. 1. KLKS5 expression decreases in OSCCs bear-
ing higher levels of LEKTI

A, D, G and J) Representative H&E staining of oral
mucosa (A, O.M., n=50), premalignant hyperker-
atotic lesion (D, P.L., n=>50), well-differentiated
OSCC (G, W.D.C., n=122), and poorly differen-
tiated OSCC (J, P.D.C., n=79), bar: 25um. B, E,
H and K) Representative IHC staining of LEKTI
in O.M. (B), P.L. (E), W.D.C. (H), and P.D.C. (K),
bar: 25um. C, F, I and L) Representative IHC
staining of KLK5 in O.M. (C), P.L. (F), W.D.C.
(D), and P.D.C. (L), bar: 25 um. Black arrows indi-
cate LEKTI-immunostained areas; Red arrows in-
dicate KLK5-immunostained areas; Black arrow-
heads indicate dysplastic cells; Yellow arrowheads
indicate nuclear polymorphism; Blue arrowheads
indicate atypical mitosis; Asterisks indicate ker-
atin pearls. M) Quantification of LEKTI expres-
sion in each experimental group,% of immunos-
tained area. O.M., circles; P.L., squares; W.D.C.,
triangles; P.D.C., inverted triangles. Kruskal Wallis
test followed by Dunn’s Multiple Comparison test;
Pp<0.0005[***]. N) Quantification of KLK5 expres-
sion in each experimental group,% of immunos-
tained area. O.M., circles; P.L., squares; W.D.C.,
triangles; P.D.C., inverted triangles. Kruskal Wallis
test followed by Dunn’s Multiple Comparison test;
Pp<0.05[*]; p<0.0005[***]. O) KLKS5 protein expres-
sion in O.M (n =50, circles), P.L. (n= 50, triangles)
and 0.S.C.C.s. samples (n =201, diamonds) harbor-
ing low LEKTI (up to 1% of O.M. immunostaining,
black circles, black triangles and black diamonds)
and high LEKTI expression (>1% of O.M. immunos-
taining, gray circles, gray triangles and gray dia-
monds). Statistical analysis: ANOVA; p<0.05 [*];
p<0.005 [**].
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differentiated cells in W.D.C. (well differentiated carcinomas), which
are polygonal and cytoplasm-abundant cells surrounding the keratin
pearls (Fig. 1H and 1 I; W.D.C, asterisk shows keratin pearls), while in
P.D.C. (poorly differentiated carcinomas), which show increased num-
bers of spindle-like cells, atypical mitosis and nuclear pleomorphism,
expression is confined to islands or isolated polygonal-like cells (Fig. 1K
and 1L; P.D.C, yellow arrowhead indicates nuclear pleomorphism while
blue arrowhead indicates atypical mitosis). Human oral mucosa biop-

sies (Supplementary Fig. 1 A-D), as well as murine skin biopsies from
LEKTI-null and WT mice (Supplementary Fig. 1 E-H), were incubated
with anti-LEKTI antibody (Supplementary Fig. 1 A, F and H), anti-KLK5
antibody (Supplementary Fig. 1 C) and non-immune IgG (negative con-
trols, Supplementary Fig. 1 B and D).

Quantitative analysis of the immunohistochemistry data (Fig. 1M)
showed that LEKTI is abundantly expressed in oral mucosa (O.M.; cir-
cles) and in premalignant lesions (P.L.; squares). Interestingly, its ex-
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Table 1
Clinical characteristics of included OSCC patients.
Clinical Information High Lekti  Low Lekti
Total Cases 41 142
% % p.value  q.value
Gender 0,88 1,00
Female 31,71 34,51
Male 68,29 65,49
Age 0,01 0,05
0-59 19,51 44,37
>60 70,73 45,07
No Information 9,76 10,56
Ethnicity 0,06 0,28
Caucasian origin 65,85 71,13
African american origin 12,20 19,72
Asian origin 0,00 1,41
No information 21,95 7,75
Smoking status 0,98 1,00
Smokers 41,46 40,85
Non-smokers 29,27 32,39
Ex-smokers 2,44 2,11
No information 26,83 24,65
Tumor site 0,04 0,21
Tongue 19,51 33,10
Palate 9,76 5,63
Macxilla 2,44 1,41
Mandibule (including retromolar trigone) 29,27 9,15
Floor of mouth 2,44 16,20
Lip 2,44 4,23
Gum 0,00 2,11
Alveolar border 17,07 13,38
Mucosa Jugal 7,32 6,34
Multiplos sites 2,44 0,70
Other 4,88 2,82
No information 2,44 4,93

n=182 due to a loss to follow-up.

pression is severely downregulated in well differentiated carcinomas
(W.D.C.; triangles) and it is barely detectable in poorly differentiated
carcinomas (P.D.C.; inverted triangles). However, there is no statisti-
cal difference between LEKTI expression in W.D.C and P.D.C. Likewise,
KLKS5 expression is reduced in OSCCs, but no significant difference was
found between W.D.C.s and P.D.C.s. (compare triangles with inverted
triangles).

To further investigate modulation of KLK5 and LEKTI protein levels,
we evaluated KLK5 expression in samples (O.M., P.L. and OSCCs) with
low and high LEKTI expression. The results showed that overall, in non-
neoplastic (0.M.) and in pre-neoplastic (P.M.L.) tissues, the amount of
KLK5 protein increase with the increase in LEKTI expression (Fig. 10,
compare black circles with gray circles, and black triangles with gray
triangles). However, in malignancy, samples that express higher levels
of LEKTI do not show the same increase in KLK5 expression (Fig. 10,
compare black lozenges with gray lozenges).

Table 1 displays clinical characteristics of the included OSCC patients
according to either high or low LEKTI expression.

Increased relative mRNA expression of KLK5 to LEKTI is associated with
poor outcome

To investigate whether alterations in protein expression were accom-
panied by changes in mRNA levels, a bioinformatic analysis comparing
mRNA levels of SPINK5 (Fig. 2A), KLK5 (Fig. 2B) and the relative expres-
sion of KLK5 to LEKTI (Fig. 2C) on TCGA data were carried out. Samples
included a dataset of 517 HNSCCs, in which the OSCC type is included,
from the HNSCC-TCGA comprised of: (i) low and intermediate histolog-
ical grades, respectively, G1 and G2 (W.D.C., n= 388, red bars); and (ii)
high histological grades, respectively, G3 and G4 (P.D.C., n=129, blue
bars). Accordingly, SPINK5 and KLK5 mRNA levels were decreased in
P.D.C. samples, when compared to W.D.C. specimens (Fig. 2A and B).

Interestingly, increased relative KLK5 to LEKTI mRNA levels were found
in P.D.C. samples (Fig. 2C). Moreover, in order to assure that the results
obtained with the HNSCC dataset represent the OSCC patients as well,
249 OSCCs were analyzed for SPINK5 and KLK5 mRNA levels (Supple-
mentary Fig. 2 A and B; W.D.C. samples comprises low and intermediate
histological grades, respectively, G1 and G2, n=201; and P.D.C. com-
prises high histological grades, G3 and G4, n=48).

Since LEKTI and KLK5 protein and mRNA expression were altered
in both OSCC, it was of interest to investigate whether the relationship
between KLK5 and LEKTI expression has any impact on overall survival.
Therefore, a bioinformatic analysis of 517 HNSCC samples was car-
ried out using the HNSC-TCGA database. The analysis showed that high
(Fig. 3A, SPINK.cat=High) SPINK5 mRNA levels, which corresponds to
higher 25% of mRNA expression for SPINK5, was associated with in-
creased overall survival. On the other hand, the absolute increase and/or
decrease in the levels of KLK5 mRNA was not statistically correlated
with overall survival (Supplementary Fig. 2). Importantly, the high rel-
ative expression of enzyme to inhibitor, which corresponds to the higher
25% (Fig. 3B; KLK5/SPINKS5.cat=High) of KLK5 to LEKTI mRNA expres-
sion, was associated with decreased overall survival using Kaplan-Meier
and Multivariate Cox analysis (Fig. 3B and Table 2).

Supplementary Fig. 3 shows overall survival and ratio of
KLK5/SPINK5 mRNA levels according to disease staging (Supplemen-
tary Fig. 3 A and B, respectively). In order to rule out tumor stage
or other characteristics effect on KLK5/SPINK5 mRNA association with
overall survival in TCGA data, we used a Cox regression model with
KLK5/SPINK5 mRNA expression, each individual gene, tumor stage,
gender and race. The higher KLK5/SPINK5 mRNA was associated with
the worst survival, independently of other variables (Table 2), while
SPINKS5 association with survival is not significant after correcting for
the ratio. In addition, Supplementary Table 1 shows HNSC-TCGA full
clinical characteristics comparing clinical features of 25% top and 25%
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Fig. 2. SPINK5, KLK5 and KLK5 to SPINK5
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12-{p=6x10°, o p=2x10%, levels of SPINK5 (A), KLK5 (B) and KLK5 to
SPINK5 (C) in a dataset of 517 OSCCs from the
—_ HNSCC-TCGA (red bars, W.D.C. comprises low
° s 8 . . . .
104 = and intermediate histological grades, respec-
2 tively, G1 and G2; blue bars, P.D.C., comprises
° = high histological grades G3 and G4; Mann-
° B Whitney U test, p=6x 10~ for SPINK5 mRNA
8 o =< 6 levels, p=2x 108 for KLK5 mRNA levels and
4 o s p =0.002 for KLK5/SPINK5 mRNA levels).
- °
o wv
e s g 8
° s 44 °
X
i < 5
- << °
4 E 4
—_ 8 8
£
[ ° n 2 I o
24 I x | 8
! > 8
! B _
o " e—
| [ | I
w.D.C P.D.C. W.D.C P.D.C.
KLK5 to SPINK5 Expression
versus Grade (TCGA)
p=0.002
154
o
o
10 . .
o
o
]
5 . 9
[+
2 8
8
0 - # #
[ I
W.D.C. P.D.C.
Table 2
Results of multivariate Cox regression model.
Variable tested coef exp(coef) s.e.(coef) z-value p-value
SPINKS —3.072e-06 1.000e+00 5.588e-06 -0.550 0.58242
KLK5 -9.371e-07 1.000e+00 8.637e-06 -0.108 0.91360
KLK5.SPINK5 3.590e-03 1.004e+00 1.235e-03 2.907 0.00365
ajcc_pathologic_stageStage 11 6.766e-01 1.967e+00  4.797e-01 1.410 0.15842
ajcc_pathologic_stageStage III 8.207e-01 2.272e+00  4.816e-01 1.704 0.08835
ajcc_pathologic_stageStage IVA  1.192e+00 3.292e+00  4.593e-01 2.594 0.00948
ajcc_pathologic_stageStage IVB 1.713e+00 5.544e+00  5.949e-01 2.879 0.00399
ajcc_pathologic_stageStage IVC 3.037e+00 2.084e+01 1.146e+00  2.650 0.00805
sex male —3.285e-01 7.200e-01 1.502e-01 -2.187 0.02873
race asian 4.980e-01 1.645e+00 1.108e+00 0.450 0.65301
race black or african american 4.224e-01 1.526e+00  1.032e+00  0.410 0.68217
race not reported 4.093e-01 1.506e+00 1.080e+00  0.379 0.70469
race white 1.664e-01 1.181e+00 1.009e+00 0.165 0.86907
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Fig. 3. Higher relative KLK5 to SPINK5
(KLK5/SPINK5) mRNA expression is correlated
with decreased overall survival in HNSCCs.

A and B) Bioinformatic analysis comparing

1.00 overall survival of 517 HNSCC samples. Low
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bottom expressors for SPINK5 (23). Altogether, our analysis suggests
that KLK5 and SPINKS5 interaction is more important than each gene
alone on HNSCC outcome.

KLK5/LEKTI imbalance leads to increased tumor growth in vivo
Because LEKTI is known to directly inhibit KLK5 (8,28), we used

CRISPR-Cas9 technology to knockout KLK5 and thus disturb the
KLKS5/LEKTI cellular balance. To select a HNSCC cell line for these as-

says we tested a panel of four HNSCC cell lines (Cal 27, UD-SCC-2,
HN6 and HN30) for the expression of LEKTI and KLK5. Both Cal 27
and HNG6 cells lines were positive for the expression of both LEKTI and
KLK5 (Fig. 4A). The Cal 27 cell line was shown to express both LEKTI
and KLK5 mRNAs and was amenable to KLK5 CRISPR knockout and
clone selection (Fig. 4B-D). In addition, LEKTI expression does not alter
following KLK5 ablation in Cal27 cell line (Clone 6, 37 KDa, Fig. 4E).
Wild-type (KLK5 WT) or knockout (KLK5 KO) Cal 27 cells were then
used for in vitro and in vivo experiments.
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Fig. 4. Generation of CRISPR-driven KLK5 knockout OSCC cells

A) RT-PCR analysis of SPINK5 and KLK5 mRNA expression in HNSCC cell lines. Lanes 1-4 are Cal 27, UD-SCC-2, HN6 and HN30, respectively. No RNA was added
in lane 5, and reverse transcriptase was omitted from the reactions in lane 6. B) Schematic diagram for the KLK5-specific guide RNA design. Blue arrows show guide
RNAs 1 and 2 that target KLK5 Exon 2 (yellow box). Coding sequence is shown in purple and exons one and two are shown in gray and yellow boxes. C) Sequence
analysis of viable KLK5 KO OSCC cell line (clone 6) exon 2 amplicon showing 11 nucleotide deletion (upper panel, red boxed sequence) and a premature stop codon
(lower panel, red-boxed white asterisk). D) KLK5 western blot shows KLK5 protein band (red rectangle, lane 2) and the absence of KLKS5 protein (red arrow, lane 3) in
clone 6 lysate supernatant. Molecular weight standards and positive control using HEK293 cells overexpressing KLK5 are shown in lanes one and four, respectively.
E) LEKTI western blot shows the 37-KDa LEKTI fragment in both KLK5 WT and KLK5 KO OSCC cell line (Clone 6) in vitro. Murine skin from mice overexpressing
LEKTI in the epidermis (K5-LEKTI transgenic mouse) and murine skin from LEKTI-null mice were used, respectively, as positive and negative controls (8).
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Fig. 5. LEKTI expressing KLK5 KO OSCC cells display decreased malignant characteristics.

A-L) Representative images showing that KLK5 KO OSCC cells partially inhibit wound closure (dashed white lines, wound edges). Inhibition of KLK5 with recombinant
LEKTI treatment leads to a similar inhibition (dashed white lines, compare C, F, I and L with A, D, G and J) in wild-type cells. M) Quantification of the wound closure
shows a delay, in KLK5 KO (red columns) and rLEKTI-treated KLK5 WT (gray columns) OSCC cells, when compared to the KLK5 WT OSCC cells (black columns), after
48h and 72h. Statistical analysis: two-way ANOVA and Tukey’s Multiple Comparisons tests (p<0.02 = [*] and p<0.0001 = [***]). N) Quantification of BrdU positive
cells using immunofluorescence shows that KLK5 KO OSCC cells (red column) have a decreased proliferation rate when comparing with the KLK5 WT OSCC cells
(black column) following 1h, 2h and 3h BrdU incubation. Statistical analysis: two-way ANOVA and Sidak’s Multiple Comparisons tests, p=0,0254 [*]; p=0.0002
[***]; p<0,0001 [****]. O and P) KLK5 WT (black dashed circle) and KLK5 KO (red dashed circle) cells were xenografted, respectively, into the left and right flanks of
nude mice (O, n=38) and tumor growth was monitored every 3 days, starting at 40 days post injection, for 41 days. KLK5 WT (P, black) and KLK5 KO (P, red) tumors
were followed for approximately 11 weeks when the endpoint was reached, and the mice were euthanized. Q and R) Images of dissected wild-type (Q, black asterisks)
and KLK5 KO (Q, red asterisks) tumors. Necropsied tumors were weighed and plotted (R, KLK5 WT tumor, black dots; KLK5 KO tumor red dots). Statistical analysis:
two-tailed paired t-test, p<0.005 [**]. S-W) Representative images of KLK5 WT and KLK5 KO tumors following anti-KLK5 and anti-LEKTI immunohistochemistry. As
expected, KLK5 immunostaining is present only in the WT tumors (black arrows) LEKTI staining was more abundant in KLK5 WT tumors, however, it is present in
both wild-type (T, black arrows) and KLK5 KO (W, black arrow) tumors. Negative controls were incubated in the absence of primary antibodies using KLK5 WT (U)
and KLK5 KO (X) tumors.

To access migration and proliferation rates in vitro, scratch wound Next, KLK5 WT and KLK5 KO OSCC cells were xenografted into
healing assay (Fig. 5A-L) was used. KLK5 WT (Fig. 5A, D, G and J), athymic mice to investigate whether the impaired wound closure and
KLK5 KO (Fig. 5B, E, H and K) and rLEKTI-treated KLK5 WT (Fig. 5C, F, I decreased proliferation rate would have an impact on tumor progres-
and L) confluent cell monolayers were scratched and wound closure was sion in vivo (Fig. 50; KLK5 WT cells were subcutaneously injected in
evaluated for 72 h. Wound closure of both KLK5 KO and rLEKTI-treated the left flank and area of tumor is illustrated with black dotted circle;
KLK5 WT OSCC cells was partially inhibited at 48 h and 72 h following KLKS5 KO cells were injected in the right flank and area of tumor is illus-
scratch (Fig. 5M). KLK5 deficiency also impaired cell proliferation as trated with red dotted circle). Tumors were followed for approximately
shown by decreased BrdU incorporation in KLK5 KO cells following 1 h, 8 weeks and the absence of KLK5 inhibited xenograft tumor growth
2h and 3h BrdU treatment (Fig. 5N). of human OSCC cells (Fig. 5P; compare black and red lines, showing



M.G. Alves, M.H. Kodama, E.Z.M. da Silva et al.

KLK5 WT and KLK5 KO tumor volumes, respectively). Indeed, tumor
dissection following euthanasia showed a significant difference in the
size (Fig. 5Q; compare black and red asterisks, representing KLK5 WT
and KLK5 KO tumors, respectively) and the weight (Fig. 5R; compare
black and red circles, showing KLK5 WT and KLK5 KO tumor weight,
respectively) from KLK5 WT and KLK5 KO derived tumors. Xenografted
tumors were then fixed and processed for routine histology. KLK5 im-
munohistochemistry staining, as expected, was negative for KLK5 KO
derived tumors (Fig. 5S and V, respectively, KLK5 WT and KLK5 KO tu-
mors; black arrows show KLK5 staining). Interestingly, different from
KLKS5 KO cells cultured in petri dishes, LEKTI staining was severely de-
creased in KLK5 KO derived tumors, yet it was still detectable (Fig. 5T
and W, respectively, KLK5 WT and KLK5 KO tumors; black arrows show
LEKTI staining).

Discussion

In the western world, oral squamous cell carcinoma remains as one
of the most important life-threatening diseases (29). Indeed, low 5-year
survival rates is associated with currently available methods for treat-
ment and diagnosis of the OSCCs (30). Therefore, the aim of this study
was to evaluate the expression of KLK5 and LEKTI in malignant lesions of
the oral cavity in order to test the hypothesis that the relative expression
of the enzyme to its inhibitor (KLK5 to LEKTI) represents a promising
tool to be used as a prognostic marker in OSCCs and thus contribute to a
near future personalized precision medicine. To this aim, we have shown
here that the relative expression of KLK5 to LEKTI in OSCC is associated
with decreased overall survival. Moreover, disturbance of KLK5/LEKTI
balance through the abrogation of KLK5 expression leads to decreased
tumor growth in vivo.

We have found that the decrease in the absolute expression of LEKTI
is associated with malignancy progression and decreased overall sur-
vival in OSCCs. Our results, therefore, are in agreement with previous
studies where SPINK5 genetic expression levels were found to be down-
regulated in head and neck squamous cell carcinoma (HNSCCs) [13-
15]. However, different reports diverge with regards to the increase,
or decrease, in the KLK5 expression levels in OSCCs (11-13). In the
present study, we observed a decrease in KLK5 absolute expression be-
tween non-malignant and malignant oral tissues at protein levels alone.
Of relevance, protease to protease inhibitor balance has been reported
as marker for malignant disorders (31,32). Importantly, in this study,
bioinformatic analysis of 475 OSCC samples showed that increased rel-
ative expression of the enzyme to its inhibitor (KLK5 to LEKTI) is, in-
deed, associated with a decrease in overall survival. Moreover, in car-
cinoma samples expressing high LEKTI levels (higher than 1% of the
O.M. LEKTI expression), KLK5 expression is decreased when compared
to non-malignant samples that also express higher levels of LEKTI. Al-
ternatively, malignant and/or non-malignant samples that express lower
LEKTI levels do not show a modulation in KLK5 expression. These re-
sults might explain contradictory findings regarding KLK5 expression
in OSCC when it is evaluated independently of LEKTI (11-13). In ad-
dition, differences in KLK5 expression might also be explained by the
cohort constitution in the different studies, where sub-site lesion ori-
gin and histopathological differentiation may vary. Divergences in the
absolute quantitation of kallikreins (KLKs) emphasize the advantage of
evaluating the expression of the protease relative to its inhibitor as a
better indication of the “free protease” in the tissue/lesion. In fact, our
in-silico analysis of 517 HNSCC samples, revealed that overall survival
was associated with increased expression of KLKS5 relative to LEKTI.

Hypothesizing that the relationship between KLK5 and LEKTI could
be key to understanding the divergences in KLK5 expression levels in
OSCCs, the KLK5 to LEKTI balance in an OSCC cell line expressing both
KLKS5 and LEKTI was disrupted by using CRISPR-Cas9 technology to
knock-out KLK5 gene expression. Of importance, KLK5 ablation alone
did not modulated LEKTI expression in OSCC cell line. We found that
KLK5 KO OSCC cells exhibit impaired growth/migration in a wound
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healing assay and decreased proliferation. Disruption of KLK5 and LEKTI
proteolytic balance, which have an established role in epithelial desqua-
mation (8,9), could contribute to enhanced cell-cell junctional integrity
explaining the observed reduced migration of KLK5 deficient and rLEKTI
treated cells (33). Although increased KLK5 expression has been associ-
ated with several cancers, studies on its impact on cell proliferation are
scarce. Nonetheless, knockdown of KLK5 in PC9 lung adenocarcinoma
cells also cause inhibition of cellular proliferation (34). Moreover, our
results showing impaired growth/migration and proliferation in KLK5
KO OSCC cells corroborate observations that LEKTI can inhibit prolifer-
ation and migration of esophageal cancer cells (35). Indeed, KLK5 KO
derived tumor showed decreased expression of LEKTI and, therefore,
corroborate the findings in which KLK5 deficiency and LEKTI overex-
pression are associated with decreased and increased tumor progression
in other xenograft models (12,35).

Taken together our data supports the relative expression of KLK5
to LEKTI as a valuable prognostic marker since the increased enzyme
(KLKS5) to inhibitor (LEKTI) expression in human patients and the KLK5
to LEKTI unbalance in genetically modified OSCC cell line are associated
with a poor prognosis and aggravated tumor progression. Therefore, this
study contributes to the development of biomarkers for this disease.
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