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Introduction 
Since Surface Enhanced Laser Desorption/Ionization Time-of-

flight (SELDI-TOF) mass spectrometry was first published in 1993 [1], 
it has been heralded as a powerful technique that allows researchers 
to search proteomes for biomarkers of disease. SELDI-TOF involves 
simplifying the proteome by separating it into various fractions 
that can then be bound to various chips, with disparate binding 
chemistries. Each chip/fraction combination can be analyzed using 
mass spectrometry to quantitate individual proteins. Proteins that are 
differentially expressed between control samples and disease samples 
are potential biomarkers. 

Biomarker discovery can lead to earlier diagnosis that promises 
improved prognosis and potential targets for novel drug therapies 
[2,3]. SELDI-TOF has yielded biomarkers for some cancers and other 
disorders, and has been used to determine patients’ response to therapy 
[4]. Although there are a few validated SELDI-TOF derived biomarkers 
[5-9], most have not been validated using more traditional approaches 
such as Enzyme Linked Immunosorbent Assay (ELISA) or Western 
Blot. 

Malignant Mesothelioma (MM) is an aggressive cancer of the pleura 
and peritoneum that is caused by asbestos exposure. It is resistant to 
conventional therapies, and is often diagnosed only after it has reached 
an advanced stage [10]. In recent years, several studies have sought to 
define new biomarkers for early detection of MM [11-14]. 

In prior research, we identified Kinesin heavy chain isoform 5A 
(KIF5A) and Kinesin-like protein 18A (KIF18A), motor proteins 
involved with intracellular positioning and trafficking of intracellular 

components, as potential biomarkers for progression to asbestos 
related cancer, such as lung cancer and malignant mesothelioma [11]. 
Our analysis utilized several protein biomarkers, including both KIF5A 
and KIF18A, to form a classification tree (CART) that could determine 
patient progression to asbestos related cancer, with 87% sensitivity and 
70% specificity. The current study was undertaken to validate these 
SELDI-TOF derived biomarkers for asbestos-induced MM, using 
traditional approaches for biomarker discovery.

Materials and Methods
Our approach to establishing validity for these SELDI-TOF data 

was to test cell lines, human tissues, and sera for evidence of higher 
levels of KIF5A and lower levels of KIF18A, associated with asbestos 
related cancer. Our approach was tripartite. First, cell line studies were 
performed to determine if direct exposure of immortalized mesothelial 
cell lines to asbestos fibers in culture affected kinesin levels. Second, 
KIF5A and KIF18A levels in serum were evaluated by ELISA. Finally, 
Western blots allowed evaluation of KIF5A and KIF18A protein levels 
in both mesothelial cell lines and human tissues. 

Cell lines and tissue culture 

Met5A, K-562, MSTO-211H, H2452, H2052 and H28 cell lines 
were purchased from American Type Culture Collection (Manassas, 
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Abstract
Surface-enhanced Laser Desorption/Ionization Time-of-flight (SELDI-TOF) mass spectrometry allows researchers 

to search proteomes for biomarkers of disease. Validating SELDI-TOF results using traditional methodologies has 
yielded mixed results. Real-time PCR, ELISA and Western blot assays were utilized in an attempt to confirm the link 
between asbestos related cancers and kinesin family proteins, KIF5A and KIF18A. These proteins had been identified 
using SELDI-TOF and Classification and Regression Tree Analysis (CART) in serum of patients with asbestos related 
cancers. When well-characterized asbestos fibers were used to challenge mesothelial cell lines, mixed results in KIF5A 
and KIF18A RNA expression were observed. Western blot analysis comparing protein levels in mesothelioma cell lines 
versus transformed mesothelial cells yielded inconclusive results, as did Western blot analyses of human mesothelioma 
and non-cancerous peritoneum that had been obtained from the same patients. These results suggest that kinesin 
family proteins detected by SELDI-TOF CART are unlikely to be of use as biomarkers for malignant mesothelioma.
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VA), while LP9 cells were already available in our laboratory. Met5A 
and LP9 are mesothelial cell lines immortalized using SV40 and Tert, 
respectively. MSTO-211H, H2452, H2052 and H28 are mesothelioma 
cell lines, and K-562 is a myelogenous leukemia line that has high 
KIF5A expression. 

Met5A cells were cultured in Medium199 with Earle’s BSS, 0.75 
mM L-glutamine and 1.25 g/L sodium bicarbonate (ATCC, Manassas, 
VA), supplemented with 3.3 nM Epidermal Growth Factor (EGF), 
400 nM hydrocortisone, 870 nM insulin (BD, Bedford, MA), 20 mM 
HEPES, 100 U/100 μg/ml/0.292 mg/ml penicillin/streptomycin/
glutamine, 1% Fungizone (Thermo Scientific, Rockford, IL), 10% 
fetal bovine serum (Sigma Aldrich, St. Louis MO), and 1X trace 
elements (MP Biomedicals, Santa Ana, CA). K-562 were grown in 
IMDM (Life Technologies, Grand Island, NY) 10% complete media 
with 1% Fungizone, MSTO-211H, H2452, H2052 and H28 were all 
grown in RPMI-1640 (Life Technologies, Grand Island, NY) 10% 
complete media, with 1% Fungizone and LP9 cells grown in DMEM 
(Life Technologies, Grand Island, NY) 10% complete media with 1% 
Fungizone. All cells were cultured at 37°C with 5% CO2. 

Human population samples

Human serum samples from 30 asbestos-exposed mesothelioma 
cases and 30 asbestos-exposed non-cancer referents were obtained 
through the National Mesothelioma Virtual Bank. Also obtained from 
the Virtual Bank were paired mesothelioma and unaffected peritoneum 
from the 30 mesothelioma patients. Demographic information for 
study participants is shown in table 1. 

Cell culture asbestos exposure

Asbestos samples were a generous gift from the U.S. Geological 
Survey Crustal Geophysics and Geochemistry Science Center’s Office 
of Environmental and Human Health (Denver, CO). White quartz 

(99% SiO2, 0.5-10 μm) was purchased from Sigma-Aldrich (Saint 
Louis, MO). The samples were sterilized overnight in ultraviolet light, 
and then minerals were suspended in 1X Hanks Balanced Salt Solution 
(HBSS) at 1 mg/ml. Samples were sonicated for 15 minutes in a room 
temperature 40 kHz water bath sonicator (Branson, Danbury, CT), 
and aspirated 5X through 22-guage needles. Suspensions of NIOSH 
crocidolite standard 210-75-0043, NIOSH chrysotile standard 210-75-
0043, and small particle control SiO2 were added to LP9 and Met5A 
cells to achieve concentrations of 10 μg/cm2, while HBSS was used as 
a negative control. Experiments were performed in quadruplicate and 
harvested at 4, 8 and 24 hours. When collected, cells were washed 2X in 
PBS, pH 7.4, to remove non-incorporated stimuli.

RNA isolation and real time PCR

RNeasy kits were used to isolate RNA per manufacturer’s 
instructions (Qiagen, Valencia, CA). Following isolation, RNA was 
treated with DNAse to remove possible genomic DNA contamination. 
This DNA-free RNA was then used as a template for reverse transcription 
of cDNA, using Superscript II reverse transcriptase (Life Technologies, 
Grand Island, NY). This cDNA was then used as a template for real-
time PCR amplification with primers for β-actin (Realtimeprimers.
com, Elkins Park, PA), KIF5A and KIF18A (Origene, Rockville, MD). 
Primer sequences are shown in table 2. 

Real-time PCR amplifications were performed using an iCycler iQ 
real-time PCR detection system (Bio-Rad, Hercules, CA). iQ™ SYBR® 
Green Supermix (Bio-Rad) was used to detect DNA amplification. 
Amplification conditions were as follows: Step one is 95°C for 3 
minutes; Step two is 40 cycles of 95°C for 15 sec, 58°C for 30 sec and 
72°C for 30 sec; Step three is 95°C for 1 minute and held at 4°C.

Enzyme-Linked Immunosorbent Assay (ELISA)

ELISA kits for KIF5A and KIF18A were purchased from USCN 

Tissues for Western Blot Analysis ELISA Serum Samples
Age
     Mean Years (SD)          65.9 (8.80)        61.5 (9.18)
Gender n, (%)
     Male          25 (83.33)           9 (90.00)
     Female             5 (16.67)           1 (10.00)
Race n, (%)
     Caucasian          28 (93.33)    No information
     Hispanic            2 (6.67)    No information
Smoking Status (%)
     Never Smoker          14 (46.67)           5 (50.00 )
     Former Smoker          15 (50.00)           5 (50.00)
     Current Smoker            1(3.33)           0 (0.000
Mesothelioma
     Yes          30 (100)           4 (40.00)
      No             0 (100)
Average Mesothelioma Stage (SD)          2.77 (0.43)           2.25 (0.50)
Mesothelioma Histology (%)
      Epithelial          21 (70.00)           3 (75.00)
      Biphasic            9 (30.00)           1 (25.00)

Table 1: Patient demographics.

Table 2: Primer list.

Transcipt Forward Primer Reverse Primer
KIF5A 5’AGGAGAAGAGCCAGCAGAACCA 5’CGTTTTCGCTGGTGTCCACTGA
KIF18A 5’CTTGGACCAGTTCAGCCTATTCC 5’GCACACTTTGAGATGGTGGAGAC
β-Actin 5’GGACTTCGAGCAAGAGATGG 5’AGCACTGTGTTGGCGTACAG
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Life Science Inc. (Wuhan, China). ELISA’s were performed per kit 
instructions. Briefly, standards, blanks and samples were diluted 1:10 
in PBS pH 7.4, and added to plates pre-coated with either KIF5A or 
KIF18A antibody for 2 hour incubation at 37°C. After removing 
supernatants from the wells, 100 μl Detection Reagent A was added 
and plates incubated for one hour at 37°C. Plates were washed 3X 
in kit provided wash buffer and then 100 μl of Detection Reagent B 
working solution was added to each well for 30 minutes incubation at 
37°C. Plates were washed 5X, and 90 μl 3,3’,5,5’ Tetramethylbenzidine 
(TMB) substrate added for 20 minute incubation at room temperature, 
followed by the addition of 50 μl of stop solution. Finally, optical 
density readings were obtained at 450 nm on a kinetic microplate 
reader (Molecular Devices, Sunnyvale, CA). All samples were run in 
duplicate.

Protein isolation and western blot analysis

Cultured cells were centrifuged for 5 minutes at 400×g to 
pellet cells, while tissue samples were frozen in liquid nitrogen and 
pulverized with a Bessman tissue pulverizer (Spectrum Labs, Rancho 

Dominquez, CA). Next, cell pellets and pulverized tissue samples were 
both lysed in Tris-Triton buffer (10 mM Tris, pH 7.4, 100 mM NaCl, 1 
mM EDTA, 1 mM EGTA, 1% Triton X-100, 10% glycerol, 0.1% SDS, 
0.5% deoxycholate) for 30 minutes at 4°C. Protein concentrations 
were determined by the Coomassie protein assay (Pierce, Rockford, 
IL). In triplicate, equal amounts of protein were separated by Sodium 
Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) on 
7.5% Mini-PROTEAN® TGX™ Precast Gels (Bio-Rad), using laemmli 
loading buffer. Proteins were transferred to a Polyvinylidene Fluoride 
(PVDF) membrane at 12 V for 40 minutes, for Western blot analysis 
using the Genie Blotter (Idea Scientific, Minneapolis, MN), and blocked 
for 1 hour in PBS with 0.05% Tween 20 and 5% dry milk. 

Antibodies used for Western Blot analysis were diluted in the 
blocking solution as follows: 1:2000 rabbit anti-KIF5A (Novus 
Biologicals, Littleton, CO), 1:1500 rabbit anti-KIF18A (Bethyl 
Laboratories, Montgomery, TX), 1:20,000 monoclonal anti-β-actin-
peroxidase (Sigma Aldrich, St. Louis MO), and 1:2,000 goat anti-rabbit 
IgG-HRP (Sigma-Aldrich, Saint Louis, MO). Protein bands were 
visualized using SuperSignal West Pico Chemiluminescent substrate 
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Figure 1: Expression of KIF5A and KIF18A at 4, 8, and 24 hour time points, following the addition of 10 μg/cm2 crocidolite asbestos (solid line), chrysotile asbestos 
(dotted line), silicon dioxide (dashed-dotted line), or Hanks Balanced Salt Solution (dashed line). A Bonferroni adjusted p-value of p ≤ 0.01 was considered significant, 
within each time point. Levels of significance are denoted by the following; (*): crocidolite and SiO2 induced greater kinesin expression than HBSS or chrysotile, 
(+): crocidolite induced greater kinesin expression than HBSS, (#): crocidolite induced greater kinesin expression than HBSS, chrysotile and SiO2, (~): crocidolite 
and SiO2 induced greater kinesin expression than HBSS or chrysotile and SiO2 induces greater expression than crocidolite, (^) crocidolite induced greater kinesin 
expression than HBSS or chrysotile, while only SiO2 induced higher expression than HBSS.
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(Thermo Scientific, Rockford, IL). Protein amounts in the KIF5A, 
KIF18A and β-actin bands were quantified using ImageJ software 
(NIH, Bethesda, Maryland). Amounts of β-actin protein were used 
to normalize KIF5A and KIF18A levels between blots. For human 
experiments, 30 mesothelioma tissue lysates were compared with 30 
matched peritoneal lysates. 

Results
Kinesin mRNA expression in transformed mesothelial cells 

Transformed mesothelial cell lines were cultured and exposed to 
asbestos or controls to observe KIF5A and KIF18A mRNA expression at 
various time-points. As shown in figure 1, chrysotile asbestos produced 
no significant change in KIF5A or KIF18A, in either cell line at any of 
the time points. At the 4-hour time point, in MET5A cells, crocidolite 
induced higher expression of KIF5A (p<0.0005) and KIF18A (p<0.002), 
than did chrysotile (Bonferroni correction for significance at p<0.01). 
At the 8-hour time point, crocidolite induced higher expression of 
KIF5A and KIF18A than did chrysotile (KIF5A p<0.0005: KIF18A 
p<0.002), or HBSS (KIF5A p<0.0002: KIF18A p<0.00004). At 24 hours, 
crocidolite produced higher KIF5A expression only when compared to 
HBSS (p<0.007). 

At the 4-hour time point, in LP9 cells, crocidolite induced higher 
expression of KIF5A and KIF18A, as compared to chrysotile (KIF5A 
p<0.005: KIF18A p<0.002) and HBSS (KIF5A p<0.007: KIF18A 
p<0.0003). At the 8-hour time points, crocidolite caused higher 
expression of KIF5A and KIF18A than did chrysotile (KIF5A p<0.0002: 
KIF18A p<0.005), or HBSS (KIF5A p<0.000004: KIF18A p<0.003), and 
lower KIF5A expression, when compared to SiO2 (p<0.0006).

ELISA

To confirm SELDI-TOF results of higher KIF5A and lower 
KIF18A levels in the serum of patients with asbestos-related cancer, 
serum from mesothelioma patients and non-cancer asbestos exposed 
control subjects were evaluated using commercially available ELISAs. 
Although the standards and a cell lysate from a known kinesin-

containing cell line showed positive results, the ELISAs failed to detect 
KIF5A or KIF18A in our sample sera, indicating that levels of KIF5A 
and KIF18A in these samples were all below the detection threshold for 
the kit (3.12 ng/ml).

Cell line western blots

Lysates from H2452, H2052, H28 and MSTO-211H mesothelioma 
cell lines were run side by side with the LP9 and Met5A mesothelial cell 
lines, to determine if KIF5A and KIF18A protein levels differ in cancer 
versus non-cancer cell lines. As illustrated in figure 2a, KIF5A analysis 
revealed significantly higher levels of KIF5A in the mesothelioma cell 
lines (p=0.01). Figure 2b shows non-significant increases in KIF18A 
levels in the mesothelioma cell lines (p=0.28).

Human tissue sample western blot

Mesothelioma sample lysates (n=30) were tested with matched 
peritoneal lysates to determine if differences in KIF5A levels observed 
in vitro could also be observed in tissue samples. Eight matched sets 
of samples were excluded from analysis due to extremely low levels 
of β-actin, which precluded proper analysis. As shown in figure 3, 
normalized mean KIF5A levels for the remaining mesothelioma 
samples were 0.63 (± SEM 0.10), while normalized KIF5A levels in 
peritoneal samples were 2.60 (± SEM 0.57), demonstrating KIF5A to 
be significantly higher (p<0.0014) in the peritoneal tissue samples, 
contrary to our prior hypothesis. 

Discussion
The main goal of this study was to validate previously published 

SELDI-TOF data that had implicated KIF5A and KIF18A as candidate 
biomarkers of asbestos-related cancer. Our approach to establishing 
validity of the SELDI-TOF data was to test cell lines, human tissues 
and serum for evidence indicating higher KIF5A and lower KIF18A 
levels, associated with asbestos related cancer. We believe this multi-
faceted approach to testing the relevance of these SELDI-TOF derived 
biomarkers offers advantages as a strategy for validating SELDI-TOF 
data. Our attempts produced, at best, mixed results, and failed to 
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Figure 2: Relative expression of KIF5A (A) and KIF18A (B) in normal mesothelial (grey) and mesothelioma (black) cell lines. Protein levels were normalized using 
β-actin. 
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demonstrate a consistent relationship between either KIF5A or KIF18A 
and mesothelioma using standard, non-SELDI-TOF-based methods.

There are a number of potential limitations to our study than may 
explain the inability to confirm SELDI-TOF CART analysis results. 
Initially, we considered using specimens from the same patients we 
had studied in the SELDI-TOF experiments. However, these types 
of samples were not readily available from that cohort, additionally, 
that cohort had been a mixed population of asbestos-induced cancers 
(lung cancer and mesothelioma). Therefore, the decision was made to 
examine KIF5A and KIF18A levels in mesothelioma tissue from a new 
cohort, and also employ immortalized mesothelium cell lines. 

Cell culture asbestos experiments showed that crocidolite and 
chrysotile asbestos exposure failed to induce significant changes, in 
either KIF5A or KIF18A mRNA levels, when compared to the mineral 
control SiO2. One possible reason for these results may be related to 
when the asbestos was added to the cells. It was added once the cell 
lines had formed a confluent monolayer. It may have been better to 
add the particulates when the cells were ~60% confluent and actively 
dividing. These growing cells may be more likely to take up particulate 
matter [15]. 

Western blot analysis of the cell lines demonstrated higher KIF5A 
protein levels in mesothelioma cell lines. This may indicate that KIF5A 
could be a valid marker for mesothelioma. Unfortunately, blots of the 
human biopsy samples produced results that were opposite to those 
expected for KIF5A protein, based on our SELDI-TOF CART data. 

There is extensive literature questioning the value of cell lines in 
biomarker research [16]. In vitro microenvironments are considerably 
different from in vivo environments, and may account for the disparity 
in the results obtained in these two experiments. Another factor 
involves the controls used in these two experiments. The Met5A and 
LP9 cell lines used as controls in the cell line experiment produced 
very little KIF5A, while the peritoneal samples used as human controls 
yielded relatively large amounts of KIF5A. To help address these 
limitations, we used well-characterized asbestos fibers, and studied not 
only cell lines, but human specimens as well. 

In our hands, commercially available kits were not sensitive 
enough to detect either KIF5A or KIF18A levels in serum samples, and 

therefore may have missed a small, but possibly significant difference 
between groups. Other studies have used matched patient serum and 
tissue to test for SELDI-TOF biomarkers, although not for KIF5A or 
KIF18A. In these studies, SELDI-TOF biomarkers were shown to differ 
between tissues and serum [17]. As such, it is unlikely that KIF5A 
and KIF18A would be helpful as serum biomarkers for progression to 
asbestos-related cancer.

The failure to confirm earlier SELDI-TOF findings in mesothelioma 
do not exclude the possibility relevance of kinesins in all forms of 
asbestos-induced lung cancer. In our SELDI-TOF study, we examined 
a Finnish cohort that included serum from 26 lung cancer patients and 
from 4 mesothelioma patients. For the current study, we elected to 
examine only mesothelioma cases from a U.S. registry. Thus, while we 
can draw conclusions about mesothelioma from this study, our data 
cannot rule out KIF5A and KIF18A as biomarkers for lung cancer.

SELDI-TOF’s usefulness for biomarker discovery has been 
questioned for a number of reasons. There are instances in which 
investigators have not been able to reproduce results using different data 
sets [18-20], as was the case in our study; where different investigators 
detect unexpected biomarkers for the same disease [21-23], where 
there is failure to validate biomarkers using traditional methodologies 
[8], as in our study; and where validation studies detect the same 
biomarkers, but produce opposite results [24], as was suggested by 
some of our findings. Not surprisingly, most biomarkers lack sufficient 
disease specificity to work as stand-alone biomarkers [25,26]. Our data 
lend additional concern about the biological relevance of SELDI-TOF 
CART derived markers. 

In conclusion, conventional methods for biomarker analysis 
did not confirm SELDI-TOF results in a second cohort of patients 
with asbestos-induced mesothelioma. Our data do not rule out the 
possibility of future confirmation in patients with asbestos-related lung 
cancer, but call into question the usefulness of KIF5A and KIF18A as 
overarching biomarkers of asbestos-related cancer.
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