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Abstract 39 

Background Kallikrein-related peptidase 5 (KLK5) is a secreted serine protease involved 40 

in extracellular matrix remodeling and proteolytic signaling, but its role in non-small cell 41 

lung cancer (NSCLC) remains poorly understood. Methods The association between KLK5 42 

expression and patient survival was first evaluated in silico in publicly available NSCLC 43 

datasets using the Kaplan�Meier Plotter platform, stratified by overall and progression-free 44 

survival and by histological subtype. Functional effects were then examined in vitro in the 45 

lung adenocarcinoma cell line A549, using stable KLK5-overexpressing clones, an empty-46 

vector control, and stimulation with exogenous recombinant KLK5 (rKLK5). Migration was 47 

assessed by Transwell assays, adhesion to extracellular matrix components (including 48 

collagen I and fibronectin) by adhesion assays, and proliferation and cisplatin sensitivity by 49 

cell viability assays. Epithelial�mesenchymal transition (EMT) markers (E-cadherin, N-50 

cadherin, and vimentin) and the effect of cisplatin on KLK5 expression were evaluated by 51 

quantitative PCR, ELISA, Western blot, and immunofluorescence. Results High KLK5 52 

expression was significantly associated with shorter overall and progression-free survival, 53 

particularly in lung adenocarcinoma, supporting its potential value as a prognostic 54 

biomarker. In A549 cells, both KLK5 overexpression and exogenous recombinant KLK5 55 

significantly increased cell migration and adhesion to collagen I and fibronectin, while no 56 

effects were observed on proliferation or cisplatin sensitivity. Importantly, these changes 57 

occurred in the absence of a canonical epithelial�mesenchymal transition, as no consistent 58 

alterations were detected in epithelial or mesenchymal protein markers. Cisplatin exposure 59 

increased KLK5 mRNA expression without a corresponding increase in protein levels, 60 

suggesting post-transcriptional regulation under treatment-induced stress. Conclusions 61 

KLK5 represents a clinically relevant prognostic biomarker in NSCLC that promotes a 62 
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motile and adhesive tumor cell phenotype through an epithelial�mesenchymal transition-63 

independent mechanism. The differential effects observed between endogenous and 64 

exogenous KLK5 indicate a context-dependent role for this protease, supporting its further 65 

evaluation as a biomarker and potential therapeutic target in lung cancer. 66 

Keywords: KLK5, Non-small cell lung cancer, Lung adenocarcinoma, Cell migration, 67 

Prognostic biomarker 68 
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Lung cancer is the most diagnosed cancer worldwide in men and the second in women, 81 

with an estimated 2.5 million new cases and 1.8 million deaths annually, making it the 82 

leading cause of cancer-related mortality [1,2]. Histologically, lung cancer is classified into 83 

small-cell lung carcinoma (SCLC, 15%) and non-small cell lung cancer (NSCLC, 85%) [3]. 84 

Despite advances in diagnosis and treatment, the 5-year survival rate remains low in most 85 

countries, ranging from 10% to 20%, largely because many patients are diagnosed at 86 

advanced stages and therapeutic options remain limited [4,5]. 87 

Treatment selection in NSCLC depends on tumor histology, disease stage, and patient 88 

condition [6]. Although targeted therapies have improved outcomes in selected molecular 89 

subgroups, fewer than 25% of patients derive sustained benefit, and resistance remains a 90 

major clinical challenge. For most patients, platinum-based chemotherapy continues to 91 

represent a cornerstone of treatment despite frequent intrinsic or acquired 92 

chemoresistance and substantial toxicity. Tumor progression and therapeutic failure in 93 

NSCLC are increasingly recognized as consequences of tumor cell plasticity, including 94 

alterations in cell�matrix interactions and adaptive changes that enhance survival and 95 

dissemination [7�9]. 96 

Epithelial�mesenchymal transition (EMT) has been widely studied as one mechanism 97 

underlying this plasticity. During EMT, epithelial tumor cells lose cell�cell adhesion and 98 

acquire a more motile phenotype, commonly accompanied by reduced E-cadherin 99 

expression and increased mesenchymal markers such as N-cadherin and vimentin. EMT 100 

has also been associated with treatment resistance and poor clinical outcome in NSCLC 101 

[10�12]. Recent evidence in NSCLC indicates that tumor cells may acquire invasive and 102 

therapy-resistant phenotypes through intermediate epithelial�mesenchymal states rather 103 
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than through a complete canonical EMT program, suggesting that additional molecular 104 

regulators contribute to tumor progression [13,14]. 105 

Kallikrein-related peptidase 5 (KLK5) is a secreted serine protease belonging to the human 106 

kallikrein family, several members of which have been associated with either favorable or 107 

poor prognosis in lung cancer [15]. KLK5 was first identified in the human epidermis, where 108 

it plays a critical role in desquamation through cleavage of corneodesmosomal proteins 109 

[16]. In addition, KLK5 can degrade several extracellular matrix components (ECM), 110 

including collagens, fibronectin, and laminin, and can activate other pro-Kallikreins [17,18]. 111 

In the respiratory tract, KLK5 has been implicated in basal layer degradation in chronic 112 

obstructive pulmonary disease and has been shown to promote EMT in bronchial epithelial 113 

cells [19]. Because KLK5 can modify extracellular matrix composition, it may influence 114 

tumor cell interactions with the microenvironment and thereby regulate cell motility. 115 

Although KLK5 has previously been proposed as a prognostic biomarker in NSCLC, its 116 

functional role in tumor progression remains incompletely understood. To address this, in 117 

silico survival analyses were combined with in vitro functional approaches to evaluate the 118 

prognostic relevance of KLK5 in NSCLC and to determine whether KLK5 regulates tumor 119 

cell migration, adhesion, proliferation, and cisplatin response independently of canonical 120 

epithelial�mesenchymal transition. These findings provide additional insight into the 121 

potential relevance of KLK5 in disease progression and treatment response, supporting its 122 

further evaluation as a biomarker and potential therapeutic target in lung cancer. 123 

 124 

Materials and methods  125 
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Differential expression of KLK5 and its relationship with prognosis 126 

To explore the association between KLK5 gene expression and its prognostic value in an 127 

NSCLC cohort, the Kaplan�Meier Plotter online database (KM Plotter; http://kmplot.com; 128 

last accessed March 20, 2025) [20] was used. This bioinformatics platform is designed to 129 

assess the association between gene expression and patient survival by generating 130 

Kaplan-Meier survival curves for selected patient cohorts. In this study, patients were 131 

stratified according to the median expression of KLK5 (Affymetrix ID 222242_s_at) using all 132 

available probe sets per gene while excluding biased arrays. Survival curves were 133 

generated to compare low versus high KLK5 expression in relation to overall survival (OS) 134 

and progression-free survival (PFS) in the NSCLC cohort. Hazard ratios (HRs) with 135 

corresponding 95% confidence intervals (CIs) and log-rank P values were recorded. 136 

Cell culture and cell transfection  137 

The A549 cell line (ATCC CCL-185) derived from lung adenocarcinoma was obtained from 138 

ATCC (Virginia, USA). Cells were cultured in RPMI-1640 medium (Cytiva, USA) 139 

supplemented with 10% heat-inactivated fetal bovine serum (Cytiva, USA), 1% penicillin-140 

streptomycin (Cytiva, USA), and 250 mg/mL amphotericin B (Biological Industries, Israel). 141 

Cells were maintained at 37 °C in a humidified incubator under 5% CO₂. The pRC-RSV 142 

vector plasmid was purchased from OriGene Technologies (USA). Three hundred 143 

thousand A549 cells were seeded in a 6-well plate and grown until they reached 80% 144 

confluence. Cells were then starved in serum-free medium for 24 h before transfection with 145 

pRC-RSV-KLK5 or the empty control vector (pRC-RSV). For each well, 12 μL of Lipofectin 146 

(Invitrogen, USA) and 6 μg of DNA were used for transfection. Cell clones incorporating 147 

pRC-RSV were selected by adding 1 mg/mL neomycin (Life Technologies, USA) to the 148 
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culture medium. After one week, single-cell clones were isolated by trypsinization and 149 

seeded individually into 24-well plates. Overexpression was confirmed by qPCR.  150 

Additionally, cisplatin (Pfizer, USA) was used at a final concentration of 10 μM, a 151 

concentration found in the plasma of cancer patients receiving chemotherapy [21]. 152 

Whereas recombinant KLK5 (rKLK5, 1108-SE, R&D Systems, USA) was applied at final 153 

concentrations of 20, 50, and 100 ng/mL in the corresponding stimulation experiments. 154 

qPCR  155 

Total RNA was extracted from cell extracts using the RNeasy kit (Qiagen, Germany). The 156 

concentration of isolated mRNA was determined by measuring 1 μL of each sample with a 157 

NanoDrop spectrophotometer. To evaluate potential contamination, 260/280 nm and 158 

230/260 nm absorbance ratios were measured. Samples with values between 1.8 and 2.0 159 

were considered high quality and stored at –80 °C. cDNA synthesis was performed with 1 160 

μg of total RNA using the RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher 161 

Scientific, USA). Quantitative PCR analysis was performed with 150 ng of cDNA per well 162 

using Biozym Blue Probe qPCR Mix (Biozym Scientific GmbH, Germany) and TaqMan 163 

Probe (Thermo Fisher Scientific, USA) for the following targets: KLK5 (Hs01548153_m1), 164 

E-cadherin 1 (Hs01023895_m1), N-cadherin 2 (Hs00983056_m1), Vimentin 165 

(Hs00958111_m1), and housekeeping gene HPRT1 (Hs02800695_m1). Threshold cycles 166 

(Ct) were used to calculate the level of gene expression relative to the housekeeping gene 167 

HPRT1, using the 2-ΔCt method [22]. All kits were used according to the manufacturer�s 168 

instructions. 169 

Enzyme-Linked Immunosorbent Assay (ELISA)  170 
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KLK5 levels were measured in cell extracts and conditioned media using a commercially 171 

available human KLK5 sandwich ELISA kit (ab131555, Abcam, UK), according to the 172 

manufacturer�s instructions. Cell extracts were prepared as described for Western blot 173 

analysis. Protein samples were standardized to 40 μg using the sample diluent buffer 174 

provided. Conditioned media were centrifuged to remove cell debris, and 100 μL of the 175 

supernatant was added to each well. Absorbance was measured at 450 nm using a 176 

Multiskan FC microplate reader (Thermo Fisher Scientific, USA). 177 

Cell proliferation assay 178 

Cell proliferation was assessed using the CellTiter-Glo Viability Assay (Promega, USA) 179 

according to the manufacturer�s instructions. A549 cells were seeded in opaque 96-well 180 

plates at a density of 1.5 × 103 cells per well, cultured for 24 h, and then stimulated with 181 

recombinant KLK5 (rKLK5, 1108-SE, R&D Systems, USA) at 20, 50, and 100 ng/mL. 182 

Additionally, the proliferation of A549 clones was assessed after 24 h of growth. 183 

Luminescence was measured using a Victor X2 multilabel plate reader (PerkinElmer, 184 

USA). 185 

MTT and Crystal violet 186 

MTT was diluted and filtered in RPMI-1640 to 1 mg/mL. Cells were incubated with 100 μL 187 

for 3.5 h, after which the medium was removed, and formazan crystals were solubilized 188 

with 100 μL of HCl-isopropanol. Background absorbance was measured using cell-free 189 

control wells. Absorbance was read at 560 nm using a Multiskan FC microplate reader 190 

(Thermo Fisher Scientific, USA). For the crystal violet assay, a 0.5% solution was prepared 191 

by dissolving 0.5 g of dye in 80 mL of distilled water and adding 20 mL of methanol. Cells 192 
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were fixed with crystal violet for 20 min at 4°C and washed three times with PBS. 193 

Independent experiments were made in triplicate.  194 

Immunofluorescence  195 

Cells were seeded on 12 mm diameter coverslips in 24-well plates. After the corresponding 196 

treatments or stimuli, cells were fixed with 4% paraformaldehyde (PFA) for 10 min at 37 °C, 197 

and then they were thoroughly washed with PBS and permeabilized with 0.2% Triton X-100 198 

for 30 min at room temperature and blocked with 5% FBS for 30 min at room temperature. 199 

Next, the cells were incubated with anti-KLK5 antibody (ab7283, Abcam, UK) at 1:100 200 

dilution in a humid chamber for 1 h at 37 °C. Following washing with PBS, they were 201 

incubated with an AlexaFluor568-labeled anti-rabbit secondary antibody (A10042, Thermo 202 

Fisher Scientific, USA) at 1:1000 dilution, and nuclei were stained with DAPI (1:10.000) for 203 

1 h at 37 °C. When cells were treated with brefeldin A, it was added directly to the culture 204 

media during the last 3 h of culture. Coverslips were mounted on glass slides using Dako 205 

fluorescence mounting medium (Thermo Fisher Scientific, USA). Negative controls were 206 

prepared by replacing the primary antibody with PBS and 0.5% BSA. 207 

Western blotting 208 

Cells were lysed in RIPA buffer (50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 0.25% 209 

deoxycholic acid; 1% Nonidet P-40; 1 mM EDTA) supplemented with protease and 210 

phosphatase inhibitors. Lysates were incubated on ice for 30 min and centrifuged at 18,000 211 

× g for 20 min at 4 °C. Protein concentration was determined using the Pierce™ BCA 212 

Protein Assay Kit (Thermo Scientific™). Equal amounts of protein (30 μg) were separated 213 

by 10% SDS-PAGE under denaturing conditions and transferred onto nitrocellulose 214 
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membranes (0.45 μm). Membranes were probed with primary antibodies against vimentin 215 

(#5741), N-cadherin (#13116), E-cadherin (#3195), and GAPDH (Cell Signaling 216 

Technology, USA). Protein bands were detected using SuperSignal™ West Dura 217 

Chemiluminescent Substrate (Thermo Scientific™) and visualized with an iBright Imaging 218 

System (Thermo Scientific™). 219 

Transwell migration assay  220 

The migratory ability of lung cancer cells was assessed using 24-well Transwell inserts with 221 

8.0 μm pore polycarbonate membranes (Corning Life Sciences, USA). A549 wild-type cells 222 

were seeded in 6-well plates and stimulated for 24 hours with rKLK5 at different 223 

concentrations. Both the rKLK5-stimulated A549 cells and the A549 clones were cultured 224 

overnight in 35 mm plates and subsequently trypsinized. A total of 1.5 × 104 cells in 300 μL 225 

of serum-free medium were added to the upper chamber of the insert, which was placed in 226 

a 24-well plate containing 700 μL of medium with 10% FBS in the lower chamber. After 227 

overnight migration, the membranes were fixed with 0.5% crystal violet, and images were 228 

captured using an optical microscope at 100× magnification with a digital camera. Cell 229 

migration was quantified by counting the number of cells in 16 fields per membrane.  230 

ECM adhesion assay 231 

The cell adhesion assay was performed using the colorimetric CytoSelect Cell Adhesion 232 

Assay Kit (CBA-070, Cell Biolabs, Inc., USA), following the manufacturer�s instructions. 233 

Briefly, cells were harvested and resuspended in serum-free RPMI 1640 medium, then 234 

seeded onto ECM-coated wells (fibronectin, collagen I, collagen IV, fibrinogen, laminin I) 235 

and BSA-coated wells as a negative control, at a density of 1.15 x 105 viable cells per well, 236 
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in triplicate. The plates were incubated for 90 min at 37 °C to allow cell adhesion. Following 237 

incubation, the medium was carefully removed, and wells were gently washed with PBS to 238 

eliminate non-adherent cells. Adherent cells were stained for 10 min at room temperature, 239 

after which the wells were washed with deionized water. Subsequently, 200 μL of 240 

extraction solution was added to each well, followed by 10 min incubation in a shaker at 241 

room temperature. Finally, 150 μL of the resulting solution from each well was transferred 242 

to a 96-well microplate, and absorbance was measured at 560 nm using a Multiskan FC 243 

microplate reader (Thermo Fisher Scientific, USA). 244 

Graphics and statistical analysis 245 

Statistical analyses were performed using GraphPad Prism. Data distribution was 246 

assessed using the Shapiro�Wilk normality test prior to group comparisons. For normally 247 

distributed data, comparisons between two groups were performed using a two-tailed 248 

unpaired Student�s t-test, whereas comparisons among more than two groups were 249 

analyzed using one or two way analysis of variance (ANOVA) followed by Tukey�s multiple-250 

comparison test when appropriate. Differences were considered statistically significant at p 251 

≤ 0.05. All data are presented as mean ± SEM. Unless otherwise indicated, n represents 252 

three independent biological replicates derived from separate cell passages. 253 

Results 254 

KLK5 overexpression predicts poor overall and progression-free survival in NSCLC, 255 

particularly lung adenocarcinoma 256 

Publicly available datasets were analyzed using Kaplan-Meier Plotter. KLK5 gene 257 

expression is significantly associated with poorer overall survival (OS) (Fig. 1a; HR = 1.3, P 258 
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< 0.001) and poor progression-free survival (PFS) (Fig. 1b; HR = 1.76, P < 0.001) in 259 

patients with NSCLC. Similarly, in the lung adenocarcinoma subset (LUAD), elevated KLK5 260 

expression remained significantly associated with poorer OS (Fig. 1c; HR = 1.47, P < 261 

0.001) and showed an even stronger association with poorer PFS (Fig. 1d; HR = 2.31, P < 262 

0.001). In the lung squamous cell carcinoma (SCC) subset, KLK5 expression showed a 263 

weaker association with OS (Fig. 1e; HR = 1.36, P = 0.0017), whereas no significant 264 

association was observed for PFS (Fig. 1f; HR = 1.17, P = 0.46).  265 

Validation of the KLK5 overexpression cell model 266 

To assess the impact of KLK5 on lung cancer cells, A549 cells were transfected with a 267 

KLK5 expression plasmid, generating several clones with different levels of KLK5 268 

expression. For subsequent analyses, clone 1 (High-KLK5) and clone 7 (Low-KLK5) were 269 

selected, along with the empty vector control (Ev) and wild-type cells (Wt) (Fig. 2a). 270 

Transfection stability was confirmed by qPCR analysis across four different passages for 271 

each clone. KLK5 expression in the High-KLK5 clone was significantly higher than in wild-272 

type, empty vector, and Low-KLK5 cells (Fig. 2b, p<0.01). 273 

KLK5 protein levels were analyzed in the selected clones, both in cell extracts and in 274 

conditioned culture media. In cell extracts (Fig. 2c), the High-KLK5 clone (0.29 ng/mL) 275 

exhibited significantly higher protein levels compared to Wt (0.12 ng/mL), Ev (0.13 ng/mL) 276 

(p<0.01), and Low-KLK5 (0.07 ng/mL) (p<0.01). In conditioned media (Fig. 2d), KLK5 277 

protein levels in the High-KLK5 clone reached a mean value of 3.75 ng/mL, significantly 278 

higher than those observed in Wt, Ev, and Low-KLK5 clones (0.24 ng/mL) (p<0.0001), 279 

consistent with the gene expression data (Fig. 2b). 280 
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KLK5 does not alter the growth of lung cancer cells 281 

Cell proliferation was assessed using the CellTiter-Glo assay, a luminescence-based kit 282 

that quantifies ATP as a marker of metabolically active cells. A549 cells were seeded and 283 

cultured for 24 hours, then stimulated with recombinant KLK5 (rKLK5) at concentrations of 284 

20, 50, and 100 ng/mL for an additional 24 hours. A549 clones were also seeded, and the 285 

assay was performed 24 hours later. Since the fetal bovine serum (FBS) content in the 286 

culture medium can influence cell proliferation, experiments were conducted under both 287 

1% and 10% FBS conditions. No significant differences in cell growth rates were observed 288 

in A549 clones (Fig. 3a, 3b) or in A549 cells treated with rKLK5, regardless of the 289 

concentration used (Fig. 3c, 3d). As expected, the proliferation rate was higher under 10% 290 

FBS; however, no significant differences were detected between rKLK5-stimulated and 291 

non-stimulated cells under either condition. These findings were corroborated by an MTT 292 

assay conducted over a 96-hour period. A linear correlation between cell number and 293 

absorbance was confirmed for each clone, and the mean growth rate constant (k) did not 294 

differ significantly among groups (p = 0.34) (Fig. S1). 295 

Cisplatin induces KLK5 mRNA expression without a corresponding increase in secreted 296 

protein levels 297 

The effect of cisplatin on KLK5 expression was evaluated in A549 cells following a 48 h 298 

treatment with 10 μM cisplatin. As shown in Fig. 4a, cisplatin significantly increased KLK5 299 

gene expression compared to untreated controls, determined by qPCR (p<0.01). 300 

Surprisingly, no significant increase in KLK5 protein levels was observed by ELISA in the 301 

same group (Fig. 4b). 302 
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Immunofluorescence revealed cytoplasmic localization of KLK5, with increased staining 303 

intensity following 10 μM cisplatin treatment. Given that kallikreins are typically secreted 304 

proteins, their presence in the cytoplasm is consistent with their role in the secretory 305 

pathway. This hypothesis is further supported by the increased immunofluorescence signal 306 

observed upon treatment with Brefeldin A. This drug indirectly inhibits protein transport 307 

from the endoplasmic reticulum to the Golgi apparatus by preventing COP-I coat 308 

association with the Golgi membrane (Fig. 4c). 309 

Additionally, conditioned media from the same experimental groups were analyzed to 310 

evaluate secreted KLK5 levels; however, KLK5 protein was not detected by the ELISA 311 

assay. 312 

KLK5 expression does not alter cisplatin sensitivity in A549 cells 313 

Given that KLK5 expression increased after cisplatin treatment in wild-type A549 cells, the 314 

susceptibility of A549 clones to this chemotherapeutic agent was analyzed by determining 315 

the IC₅₀ values for each clone. After 48 h of treatment, the IC₅₀ values were 6.9 ± 1.9 μM 316 

for wild-type (Wt) cells, 9.8 ± 4 μM for the empty vector (Ev) control, 5.3 ± 4 μM for the 317 

Low-KLK5 clone, and 6.9 ± 4.6 μM for the High-KLK5 clone. No significant differences 318 

were observed between clones (Fig. 5a). Cell viability following cisplatin treatment was also 319 

assessed under the microscope using crystal violet, as illustrated in Fig. 5b. These results 320 

indicate that the sensitivity to cisplatin is not affected by different KLK5 expression levels. 321 

 322 

KLK5 increases migration of A549 lung cancer cell 323 
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The effect of KLK5 on cell migration was evaluated using a Transwell migration assay. 324 

A549 clones were allowed to migrate overnight, and the High-KLK5 clone exhibited 325 

significantly higher migration compared to wild-type (Wt) and empty vector (Ev) control 326 

(Fig. 6a, p<0.01). Additionally, A549 cells were stimulated with recombinant KLK5 (rKLK5) 327 

at concentrations of 20, 50, and 100 ng/mL. After overnight migration, treatment with 100 328 

ng/mL rKLK5 significantly increased cell migration compared to 0 and 20 ng/mL (Fig. 6b, 329 

p<0.05).  330 

KLK5 does not induce a canonical EMT program in A549 clones 331 

EMT is a biological process in which epithelial cells modify their phenotype to acquire a 332 

more migratory and invasive phenotype. Among the main reported changes, EMT is 333 

characterized by reducing the levels of E-cadherin and increasing the expression of 334 

mesenchymal markers, such as N-cadherin and vimentin. To evaluate EMT status, the 335 

expression of these markers in the different A549 clones was analyzed. The High-KLK5 336 

clone exhibited a significant decrease in E-cadherin gene expression compared to clones 337 

lacking KLK5 expression (p<0.05) and a significant reduction in N-cadherin gene 338 

expression (p<0.05). In contrast, vimentin gene expression did not differ significantly 339 

between clones (Fig. 7a). Nevertheless, no significant differences in protein levels were 340 

observed for any of these markers relative to wild-type or empty vector controls, as 341 

determined by Western blotting (Fig. 7b). ). Notably, the transcript-level changes in E- and 342 

N-cadherin did not follow the reciprocal pattern of a classical cadherin switch and were not 343 

accompanied by concordant protein-level changes, indicating that the KLK5-associated 344 

migratory phenotype is not explained by a canonical EMT program. 345 
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The expression of EMT markers at the mRNA and protein levels was also evaluated 346 

following stimulation of A549 lung cancer cells with 20, 50, and 100 ng/mL of recombinant 347 

rKLK5. Both E-cadherin and N-cadherin gene expression showed a decreasing trend with 348 

increasing rKLK5 concentrations, but none of the changes were statistically significant (Fig. 349 

8a). At the protein level, no significant changes were observed in response to different 350 

concentrations of rKLK5, confirming that the differences in gene expression were not 351 

reflected at the protein level (Fig. 8b). These results indicate that changes in classical EMT 352 

markers do not fully explain the increased migratory capacity observed in A549 lung cells. 353 

KLK5 enhances adhesion of lung cancer cells to select ECM components. 354 

Based on the increased cell migration observed in response to 100 ng/mL of rKLK5 and in 355 

the High-KLK5 clone, it was hypothesized that KLK5 may alter the affinity of cells for 356 

specific ECM components, thereby modulating cell adhesion. Adhesion assays revealed 357 

that the High-KLK5 clone exhibited significantly greater adhesion to collagen I compared to 358 

controls (Fig. 9a, p<0.05). Additionally, stimulation with 100 ng/mL rKLK5 enhanced the 359 

adhesion of wild-type A549 lung cancer cells to both fibronectin and collagen I after 90 360 

minutes of incubation (Fig. 9b, p<0.05). By contrast, adhesion of both A549 clones and 361 

wild-type A549 cells to laminin I and fibrinogen was minimal (Figs. 9a, 9b). These results 362 

indicate a consistent pattern in the differential affinity of cells toward specific ECM 363 

components.  364 

Discussion 365 

Using an online database, the association between KLK5 tumor expression and patient 366 

survival was validated in a larger NSCLC cohort. In light of evidence linking KLK5 to poor 367 
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prognosis in lung cancer, its potential contribution to a more aggressive phenotype was 368 

then assessed by examining EMT, migration, proliferation, adhesion to selected ECM 369 

components, and cisplatin response in vitro. 370 

KLK5 was originally identified in the human epidermis, where it plays a key physiological 371 

role in skin homeostasis by mediating desquamation through proteolytic cleavage of 372 

corneodesmosomal proteins [16]. Beyond this function, KLK5 exhibits broad proteolytic 373 

activity, degrading extracellular matrix components such as collagens, fibronectin, and 374 

laminin, and also activating other KLKs [17,18]. These properties highlight KLK5 as a 375 

multifunctional protease involved in tissue remodeling and dynamic regulation of the 376 

extracellular environment. 377 

In-silico analyses of publicly available datasets showed that high KLK5 expression was 378 

significantly associated with shorter overall and progression-free survival in NSCLC, 379 

particularly in lung adenocarcinoma, supporting its role as a poor prognostic marker. This is 380 

consistent with previous reports linking increased serum KLK5 levels to unfavorable 381 

survival and poorer response to anlotinib  [23], further supporting its clinical relevance as a 382 

biomarker of aggressive disease in NSCLC. 383 

Because high KLK5 expression was associated with adverse clinical outcomes, whether 384 

this could reflect enhanced tumor cell proliferation was assessed. However, neither rKLK5 385 

nor stable KLK5 overexpression altered proliferation in the present model, suggesting that 386 

KLK5 does not directly regulate proliferation in lung adenocarcinoma cells. Although KLK5 387 

silencing reportedly reduces proliferation in PC-9 cells [24], these findings indicate that its 388 

prognostic impact is unlikely to depend mainly on proliferative mechanisms. 389 
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Instead, the association between high KLK5 expression and adverse outcome may reflect 390 

its involvement in other tumor-promoting processes, including migration and epithelial�391 

mesenchymal transition. Consistently, higher circulating KLK5 levels have been linked to 392 

reduced response to anlotinib [23], suggesting a more invasive and treatment-refractory 393 

phenotype. Together, these findings indicate that KLK5 may contribute to NSCLC 394 

progression beyond effects on cell growth. 395 

Likewise, no significant proliferative changes were observed in the KLK5 loss- or gain-of-396 

function models. Consistent with this, studies in other cancer models have shown that 397 

KLK5 silencing alters migratory and invasive behavior without affecting proliferation, 398 

including in human gastric cancer cell lines  [25], and in the urinary bladder carcinoma cell 399 

line Ku1 [25]. Similarly, KLK5 silencing reduced proliferation and migration in oral 400 

squamous carcinoma cells, consistent with evidence linking a higher KLK5/SPINK5 401 

(LEKTI) ratio to poorer prognosis. This suggests that an imbalance between KLK5 and its 402 

endogenous inhibitor, rather than LEKTI levels alone, may underlie a more aggressive 403 

phenotype [26]. Although KLK5 has been implicated in several cancer types, current 404 

evidence, including the present findings, indicates that it does not significantly affect cell 405 

proliferation, suggesting a limited role in this process. 406 

In the present model, 48 h of cisplatin treatment increased KLK5 mRNA expression without 407 

a significant change in protein levels. Similar induction of KLK5 transcripts has been 408 

reported in breast (BT-20) and androgen-independent prostate cancer (DU145) cells 409 

following exposure to epirubicin, docetaxel, methotrexate, and mitoxantrone [27,28]. In 410 

prostate PC3 cells, KLK5 was also induced by chemotherapy, although the extent of 411 

induction varied by agent and exposure time, with carboplatin causing a delayed increase 412 
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compared with other drugs [29]. Together, these observations suggest that KLK5 413 

upregulation may be part of a broader response to cytotoxic stress, although its extent 414 

appears to vary across tumor types and treatment conditions. Supporting this view, stress-415 

induced regulation has also been described for other kallikrein-related peptidases [30]. 416 

No direct effect of cisplatin on KLK5 protein expression was detected in the present 417 

assays, suggesting that its regulation may occur secondary to broader cytotoxic stress 418 

responses. These responses may involve rapid miRNA-mediated regulation and more 419 

sustained epigenetic mechanisms. Supporting this possibility, cisplatin modulates KLK13 420 

expression in esophageal and gastric cancer models through context-dependent 421 

mechanisms that may involve TET2/3-associated demethylation or be independent of it 422 

[31,32]. Given its multiple CpG islands  [33], KLK5 may be subject to epigenetic regulation. 423 

In silico analyses also identify it as one of the most miRNA-targeted KLKs, with predicted 424 

regulators such as miR-106b, miR-125a, and miR-143 [34] which are deregulated in lung 425 

cancer and linked to EMT, DNA repair, and drug resistance [35�38]. These miRNAs may 426 

also influence cisplatin responsiveness by modulating drug transporters and survival 427 

pathways, in addition to potentially regulating KLK5 [39]. Together, these findings suggest 428 

that cisplatin-induced changes in KLK5 expression may involve both miRNA-dependent 429 

and epigenetic mechanisms. 430 

Although KLK5 protein was detected by ELISA, KLK5 mRNA was expressed at very low 431 

levels in wild-type A549 cells at baseline, near the detection limit of the assay. This basal 432 

level was markedly lower than that of the KLK5-overexpressing clones and is therefore 433 

barely distinguishable from zero on the scale of Fig. 2b; nevertheless, it remained 434 

quantifiable and was significantly increased by cisplatin treatment (Fig. 4a). To mimic the 435 
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increase that may follow cisplatin treatment, KLK5-overexpressing A549 cells were 436 

generated by plasmid transfection. The High-KLK5 clone showed markedly higher KLK5 437 

mRNA and protein levels than wild-type cells, the empty-vector control, and the Low-KLK5 438 

clone, in both cell extracts and conditioned media. Although KLK5 transcripts are 439 

annotated in A549 cells, only a very low signal was detected with the TaqMan assay. Given 440 

that KLK5 has at least five annotated splice variants (HGNC:6366; ENSG00000167754), of 441 

which only four include the sequence targeted by the primers and probe used, A549 cells 442 

may also express variants outside this amplicon, such as KLK5-204 with an alternative 5′-443 

UTR, so that the amplicon-targeted assay likely captures only part of the total KLK5 444 

transcript pool and underestimates its overall abundance. This may also contribute to the 445 

apparent uncoupling between low measured KLK5 mRNA and detectable secreted protein. 446 

The functional significance of these variants remains unclear. Previous studies have also 447 

described heterogeneous KLK5 transcript profiles across cancer types, including variants 448 

with altered 5′-UTRs or truncated coding regions that may generate shorter, less readily 449 

secreted proteins [40�43]. Such transcript and protein form diversity is a recognized 450 

feature of the KLK family and complicates molecular characterization. Nevertheless, the 451 

robust KLK5 expression in the overexpressing clones confirms successful transfection and 452 

supports downstream functional analyses. 453 

Cell migration is a central mechanism of metastatic dissemination. In the present assays, 454 

exogenous rKLK5 increased migration of wild-type A549 cells in a dose-dependent 455 

manner, and High-KLK5 clones displayed greater migratory capacity than wild-type and 456 

Low-KLK5 cells. 457 
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Mechanistically, KLK5 may enhance migration through multiple proteolytic pathways, 458 

including autocrine degradation of cell�cell adhesion structures, as reported for 459 

desmosomal proteins  [16,17]. In addition, KLK5 may activate other kallikrein-related 460 

peptidases, including KLK7 and KLK14, thereby amplifying proteolytic cascades involved in 461 

tumor progression [44]. KLK5 has also been linked to broader protease networks involving 462 

matrix metalloproteinases (MMPs), further promoting invasion [45]. Moreover, it can 463 

directly degrade extracellular matrix components such as fibronectin, laminin, and collagen  464 

[18,45], facilitating tissue remodeling and enhancing cell motility. 465 

Beyond its proteolytic activity, KLK5 may also modulate cell behavior through receptor-466 

mediated signaling. Previous studies have shown that it activates downstream pathways 467 

linked to increased migration and inflammatory responses [46,47], although alternative 468 

receptor-independent mechanisms have also been described [48]. Although some of these 469 

pathways have been linked to EMT-like phenotypes, these were not observed in the 470 

present model. Thus, the increased migration observed in High-KLK5 clones and following 471 

exogenous rKLK5 stimulation supports a promigratory role for KLK5, likely mediated by 472 

combined proteolytic and context-dependent signaling mechanisms rather than by a 473 

canonical EMT program. 474 

EMT is typically defined by reduced epithelial adhesion and increased expression of 475 

mesenchymal markers, often referred to as the cadherin switch. Here, the effects of KLK5 476 

on migration, together with its modulation of EMT-related markers, suggest that it may 477 

promote tumor progression by altering epithelial�mesenchymal plasticity. However, as 478 

these promigratory effects were not fully explained by changes in individual EMT markers, 479 

the underlying mechanisms remain unclear [49,50]. 480 
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Lung cancer cell lines often exhibit high invasiveness, reduced E-cadherin expression, and 481 

increased resistance to chemotherapeutic agents like cisplatin [51]. As noted above, 482 

elevated KLK5 expression did not induce canonical EMT-like changes in any clone, but 483 

was associated with downregulation of both E- and N-cadherin mRNA. This was 484 

unexpected, since reduced E-cadherin is typically accompanied by increased N-cadherin 485 

expression�a cadherin switch that promotes migration and invasion. This process may 486 

involve either full replacement or coexistence, with aberrant N-cadherin expression altering 487 

cell behavior despite the retention of E-cadherin [52]. Although N-cadherin is commonly 488 

linked to increased motility, the present findings indicate that KLK5-driven migration cannot 489 

be explained solely by changes in this adhesion molecule. This suggests that KLK5 may 490 

act through broader effects on cell�cell adhesion or through additional signaling pathways 491 

beyond cadherin regulation. Further studies are needed to define the underlying 492 

mechanisms. 493 

The effects of exogenous active rKLK5 may differ from those of endogenously produced 494 

KLK5, as suggested by the differential expression of EMT markers. This may reflect the 495 

inability of recombinant protein added to the medium to fully recapitulate the biochemical 496 

properties of KLK5 secreted by overexpressing cells. Given that KLK5 is highly 497 

glycosylated, differences in post-translational modifications, particularly glycosylation, 498 

between recombinant and cell-derived protein may influence its activity, stability, or 499 

interactions  [53]. In addition, while the extracellular functions of KLK5 are well 500 

characterized, its potential intracellular activity remains poorly understood. 501 

Cell migration is a key process by which normal and cancer cells traverse the ECM through 502 

interactions between ECM components and specific cell-surface molecules. KLK5 may 503 
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regulate the ECM and cell adhesion both directly, through its proteolytic activity, and 504 

indirectly, through miRNA-mediated mechanisms  [54]. Thus, KLK5 dysregulation may 505 

reshape miRNA networks and downstream signaling pathways, ultimately affecting 506 

invasiveness, metastasis, and patient survival.  507 

Findings from this isolated KLK5-overexpressing cell system support the association 508 

between elevated KLK5 expression and reduced OS and PFS in NSCLC, consistent with a 509 

role in promoting a more motile phenotype. Altered cell adhesion, partly driven by ECM 510 

remodeling, is a hallmark of cancer linked to tumor progression, metastasis, and drug 511 

resistance [55,56]. In line with this, KLK5 increased adhesion to collagen I and fibronectin 512 

in both High-KLK5 clones and rKLK5-treated wild-type A549 cells. 513 

In lung cancer, increased collagen I is associated with poorer outcomes, including shorter 514 

survival, higher relapse risk, and enhanced tumor cell colonization and growth [57,58]. 515 

Fibronectin is likewise upregulated in NSCLC, where it promotes tumor progression by 516 

enhancing EMT, stemness, and cancer cell migration and invasion [10,56,59]. KLK5 517 

proteolyzes several ECM components, including collagen I, fibronectin, and desmosomal 518 

proteins [16,42]. Consistently, KLK5 inhibition or silencing increases adhesion in oral 519 

carcinoma cells, whereas its overexpression promotes cell dispersal [60], supporting a role 520 

in ECM remodeling and tumor cell motility. Together, these findings support a role for KLK5 521 

in regulating migration and adhesion through an EMT-independent mechanism in NSCLC 522 

progression. 523 

Further studies are needed to establish the utility of KLK5 as a predictive or diagnostic 524 

biomarker and to clarify its role in lung cancer progression, including chemoresistance and 525 

invasiveness, particularly in lung adenocarcinoma. Recent development of SFTI-1-derived 526 
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peptide inhibitors with high selectivity for KLK5 [61,62] together with a dual inhibitory 527 

antibody against KLK5/KLK7 [63]. highlights the therapeutic potential of targeting this 528 

protease family. These findings support KLK5 as a promising therapeutic target in lung 529 

cancer. 530 
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Figure legends 805 

Figure 1. Kaplan�Meier Plotter survival analysis curves of KLK5 gene expression in 806 

non-small cell lung carcinoma. Kaplan�Meier survival curves comparing low and high 807 

KLK5 gene expression in (a�b) non-small cell lung cancer (NSCLC), (c�d) lung 808 

adenocarcinoma (LUAD), and (e�f) lung squamous cell carcinoma (SCC). Patients were 809 

stratified according to the median KLK5 gene expression level. The number in parentheses 810 

(N) indicates the number of patients in each group. Hazard ratios (HRs), confidence 811 

intervals (CIs), and log-rank P-values are shown in each panel. Statistical significance was 812 

defined as P < 0.05. Abbreviations: HR, hazard ratio; CI, confidence interval; LUAD, lung 813 

adenocarcinoma; SCC, squamous cell carcinoma; NSCLC, non-small cell lung cancer; 814 

PFS, progression-free survival; OS, overall survival. 815 

Figure 2. KLK5 gene expression and protein levels in different A549 lung cancer cell 816 

clones. KLK5 gene expression was quantified by qPCR using the 2^–ΔCt method. Clone 1 817 

(High-KLK5), clone 7 (Low-KLK5), and the empty vector control (Ev) were selected for 818 

analysis (a). KLK5 expression differences were maintained across four cell passages (b). 819 

KLK5 protein levels were measured by sandwich ELISA in cell extracts (c) and conditioned 820 

media (d) from wild-type (Wt), Ev, Low-KLK5, and High-KLK5 cells. Data were analyzed 821 

using one-way ANOVA followed by Tukey�s post hoc test. *p<0.05, **p<0.01, ****p<0.0001 822 

(n=3). 823 

Figure 3. Estimation of cell proliferation rate in A549 cells. The effect of recombinant 824 

KLK5 (rKLK5) on the proliferation of A549 cells and A549-derived clones was evaluated 825 
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using the CellTiter-Glo assay. Cells were cultured in media supplemented with either 1% or 826 

10% FBS and stimulated with rKLK5 at increasing concentrations (20, 50, and 100 ng/mL). 827 

Cell proliferation was measured after 24 h. Data was analyzed using one-way ANOVA. 828 

n.s., not significant (n=3). In panels (a) and (b), A549-derived clones were analyzed. In 829 

panels (c) and (d), wild-type A549 cells were stimulated with rKLK5 at 0, 20, 50, and 100 830 

ng/mL. 831 

Figure 4. Effect of cisplatin on KLK5 expression levels. KLK5 gene expression was 832 

quantified by qPCR using the 2^–ΔCt method (a), and protein levels were measured by 833 

sandwich ELISA (b). Immunofluorescence analysis shows KLK5 localization after 48 h of 834 

cisplatin treatment, in the absence or presence of Brefeldin A (BFA). Nuclei were stained 835 

with DAPI (blue), and KLK5 is shown in red. Cells were seeded on coverslips and treated 836 

with cisplatin for 48 h, with BFA added during the last 3 h of treatment (c). Data was 837 

analyzed using t-test. **p<0.01; n.s., not significant (n=3). 838 

Figure 5. Cell viability following cisplatin treatment in A549 clones. Dose�response 839 

curves after 48 h of cisplatin treatment were determined by MTT assay (a), and 840 

representative crystal violet staining images are shown in (b). Untreated cells served as 841 

controls. Dose�response curves were fitted by nonlinear regression using a log (cisplatin 842 

concentration) versus normalized response model to estimate IC₅₀ values. Statistical 843 

comparisons between groups were performed using two-way ANOVA followed by Tukey�s 844 

multiple-comparison test. n.s., not significant (n= 3). 845 

Figure 6. KLK5 promotes A549 cell migration. A549 cell migration was assessed using 846 

Transwell inserts (8.0 μm pore size) after overnight incubation. Inserts were fixed and 847 

stained with crystal violet, and migrated cells were counted under ×100 magnification. On 848 
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the left, representative images of the stained transwells for quantifying migrating cells 849 

across different experimental approaches are shown, and on the right, the graph of the 850 

quantification results for the different tests. The High-KLK5 clone exhibited increased 851 

migration compared to wild-type (Wt) and empty vector (Ev) controls (a). In addition, A549 852 

cells stimulated with recombinant KLK5 (rKLK5) at 100 ng/mL showed enhanced migration 853 

compared to 0 and 20 ng/mL (b). Data were analyzed using one-way ANOVA followed by 854 

Tukey’s post hoc test. *p < 0.05, **p < 0.01 (n = 3). 855 

Figure 7. Expression analysis of EMT markers in A549 clones. EMT marker expression 856 

was assessed at the mRNA and protein levels. Relative gene expression of E-cadherin, N-857 

cadherin, and vimentin was determined by qPCR using the 2^–ΔCt method (a). Protein 858 

expression was evaluated by Western blotting (b) and normalized to GAPDH. Molecular 859 

weights: E-cadherin, 135 kDa; N-cadherin, 140 kDa; vimentin, 57 kDa; GAPDH, 36 kDa. 860 

Data were analyzed using one-way ANOVA followed by Tukey�s post hoc test. *p<0.05; 861 

n.s., not significant (n=3).  862 

Figure 8. Expression of EMT markers in A549 lung cancer cells following rKLK5 863 

stimulation. Expression levels of E-cadherin, N-cadherin, and vimentin were assessed by 864 

qPCR using the 2^�Ct method (a), and by Western blot analysis (b), normalized to 865 

GAPDH. Molecular weights: E-cadherin, 135 kDa; N-cadherin, 140 kDa; vimentin, 57 kDa; 866 

GAPDH, 36 kDa. Data was analyzed using one-way ANOVA. n.s., not significant (n=3). 867 

Figure 9. Effect of KLK5 on cell adhesion to extracellular matrix components. 868 

Adhesion of A549 was assessed after 90 minutes of incubation in serum-free medium. The 869 

High-KLK5 clone exhibited significantly greater adhesion to collagen I compared to empty 870 
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vector (a). Stimulation with recombinant KLK5 increased A549 cell adhesion to both 871 

fibronectin and collagen I (b). Data was analyzed using t-test. *p<0.05 (n=3). 872 



Figure 1. Kaplan�Meier Plotter survival analysis curves of KLK5 gene expression in non-small cell lung carcinoma. Kaplan�Meier survival curves comparing low and high

KLK5 gene expression in (a�b) non-small cell lung cancer (NSCLC), (c�d) lung adenocarcinoma (LUAD), and (e�f) lung squamous cell carcinoma (SCC). Patients were stratified

according to the median KLK5 gene expression level. The number in parentheses (N) indicates the number of patients in each group. Hazard ratios (HRs), confidence intervals

(CIs), and log-rank P-values are shown in each panel. Statistical significance was defined as P < 0.05. Abbreviations: HR, hazard ratio; CI, confidence interval; LUAD, lung

adenocarcinoma; SCC, squamous cell carcinoma; NSCLC, non-small cell lung cancer; PFS, progression-free survival; OS, overall survival.



Figure 2. KLK5 gene expression and protein levels in different A549 lung cancer cell clones. KLK5 gene expression was quantified by qPCR using the 2^–ΔCt method.

Clone 1 (High-KLK5), clone 7 (Low-KLK5), and the empty vector control (Ev) were selected for analysis (a). KLK5 expression differences were maintained across four cell

passages (b). KLK5 protein levels were measured by sandwich ELISA in cell extracts (c) and conditioned media (d) from wild-type (Wt), Ev, Low-KLK5, and High-KLK5 cells. Data

were analyzed using one-way ANOVA followed by Tukey�s post hoc test. *p<0.05, **p<0.01, ****p<0.0001 (n=3).



Figure 3. Estimation of cell proliferation rate in A549 cells. The effect of recombinant KLK5 (rKLK5) on the proliferation of A549 cells and A549-derived clones was evaluated

using the CellTiter-Glo assay. Cells were cultured in media supplemented with either 1% or 10% FBS and stimulated with rKLK5 at increasing concentrations (20, 50, and 100

ng/mL). Cell proliferation was measured after 24 h. Data were analyzed using one-way ANOVA. n.s., not significant (n=3). In panels (a) and (b), A549-derived clones were

analyzed. In panels (c) and (d), wild-type A549 cells were stimulated with rKLK5 at 0, 20, 50, and 100 ng/mL.



Figure 4. Effect of cisplatin on KLK5 expression levels. KLK5 gene expression was quantified by qPCR using the 2^–ΔCt method (a), and protein levels were measured by

sandwich ELISA (b). Immunofluorescence analysis shows KLK5 localization after 48 h of cisplatin treatment, in the absence or presence of Brefeldin A (BFA). Nuclei were stained

with DAPI (blue), and KLK5 is shown in red. Cells were seeded on coverslips and treated with cisplatin for 48 h, with BFA added during the last 3 h of treatment (c). Data were

analyzed using t-test. **p<0.01; n.s., not significant (n=3).



Figure 5. Cell viability following cisplatin treatment in A549 clones. Dose�response curves after 48 h of cisplatin treatment were determined by MTT assay (a), and

representative crystal violet staining images are shown in (b). Untreated cells served as controls. Dose�response curves were fitted by nonlinear regression using a log(cisplatin

concentration) versus normalized response model to estimate IC₅₀ values. Statistical comparisons between groups were performed using two-way ANOVA followed by Tukey�s

multiple-comparison test. n.s., not significant (n= 3).



Figure 6. KLK5 promotes A549 cell migration. A549 cell migration was assessed using Transwell inserts (8.0 μm pore size) after overnight incubation. Inserts were fixed and

stained with crystal violet, and migrated cells were counted under ×100 magnification. On the left side, representative images of the stained transwells for quantification of

migrating cells in their different experimental approaches are shown, and on the right, the graph of the quantification of the different tests. The High-KLK5 clone exhibited

increased migration compared to wild-type (Wt) and empty vector (Ev) controls (a). In addition, A549 cells stimulated with recombinant KLK5 (rKLK5) at 100 ng/mL showed

enhanced migration compared to 0 and 20 ng/mL (b). Data were analyzed using one-way ANOVA followed by Tukey�s post hoc test. *p < 0.05, **p < 0.01 (n = 3).



Figure 7. Expression analysis of EMT markers in A549 clones. EMT marker expression was assessed at the mRNA and protein levels. Relative gene expression of E-cadherin,

N-cadherin, and vimentin was determined by qPCR using the 2^–ΔCt method (a). Proteins expression was evaluated by Western blotting (b) and normalized to GAPDH.

Molecular weights: E-cadherin, 135 kDa; N-cadherin, 140 kDa; vimentin, 57 kDa; GAPDH, 36 kDa. Data were analyzed using one-way ANOVA followed by Tukey�s post hoc test.

*p<0.05; n.s., not significant (n=3). 



Figure 8. Expression of EMT markers in A549 lung cancer cells following rKLK5 stimulation. Expression levels of E-cadherin, N-cadherin, and vimentin were assessed by

qPCR using the 2^�Ct method (a), and by Western blot analysis (b), normalized to GAPDH. Molecular weights: E-cadherin, 135 kDa; N-cadherin, 140 kDa; vimentin, 57 kDa;

GAPDH, 36 kDa. Data were analyzed using one-way ANOVA. n.s., not significant (n=3).



Figure 9. Effect of KLK5 on cell adhesion to extracellular matrix components. Adhesion of A549 was assessed after 90 minutes of incubation in serum-free medium. The

High-KLK5 clone exhibited significantly greater adhesion to collagen I compared to empty vector (a). Stimulation with recombinant KLK5 increased A549 cell adhesion to both

fibronectin and collagen I (b). Data were analyzed using t-test. *p<0.05 (n=3).
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