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Abstract

Heat shock proteins are molecular chaperones that are involved in protein folding. In this study,
we developed a targeted proteomic method, relying on LC-MS/MS in the parallel-reaction
monitoring (PRM) mode, for assessing quantitatively the human heat shock proteome. The method
facilitated the coverage of approximately 70% of the human heat shock proteome and displayed
much better throughput and sensitivity than the shotgun proteomic approach. We also applied the
PRM method for assessing the differential expression of heat shock proteins in three matched
primary/metastatic pairs of melanoma cell lines. We were able to quantify ~45 heat shock proteins
in each pair of cell lines, and the quantification results revealed that DNAJB4 is down-regulated in
the three lines of metastatic melanoma cells relative to the corresponding primary melanoma cells.
Interrogation of The Cancer Genome Atlas data showed that lower levels of DNAJB4 expression
conferred poorer prognosis in melanoma patients. Moreover, we found that DNAJB4 suppresses
the invasion of cultured melanoma cells through diminished expression and activities of matrix
metalloproteinases 2 and 9 (MMP-2 and MMP-9). Together, we established, for the first time, a
high-throughput targeted proteomics method for profiling quantitatively the human heat shock
proteome and discovered DNAJB4 as a suppressor for melanoma metastasis.
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Heat shock proteins (HSPs) are molecular chaperones that function in protein folding/
unfolding, cell cycle regulation, and protection of cells during stress.! There are six major
HSPs, namely, HSP70, HSP40, HSP60, HSP90, HSP110, and small HSP,2 and some of them
were shown to correlate with the progression of multiple types of cancer. For instance,
HSP90, a molecular chaperone for protein folding and client protein stabilization,3 is
overexpressed in many types of tumors and has been reported to associate with breast cancer
progression.* Thus, targeting HSP90 may inhibit multiple proinvasive pathways® and
enhance cancer immunotherapy.8 On the basis of these discoveries, 13 inhibitors for HSP90
have been developed for clinical evaluation in anticancer therapy.” Among them, ganetespib
has been under clinical trials for the treatment of non-small cell lung cancer (NSCLC)® and
breast cancer.10 Likewise, inhibitors for HSP27 and HSP70 have also been developed for
clinical studies.® Hence, comprehensive analysis of heat shock proteins will assist drug
discovery and cancer treatment. Current methods for studying heat shock proteins rely on
low-throughput Western blot analysis. While mass spectrometry has been widely employed
for proteomic analysis,}! no analytical methods have yet been developed for proteome-wide
interrogation of heat shock proteins.

Compared to the proteomic analysis in the data-dependent acquisition (DDA) mode, targeted
proteomic methods, which involve LC-MS/MS analyses in multiple-reaction monitoring
(MRM) or parallel-reaction monitoring (PRM) mode, exhibit much better sensitivity toward
peptide detection,2 and thus have become extensively employed in quantitative proteomics
studies.13 Owing to the high mass accuracy and resolution provided by the Orbitrap or time-
of-flight mass analyzer, PRM provides better accuracy and specificity for quantifying
analytes in complex sample matrices;14 hence, it has been widely used in bioanalysis, such
as PTM detection!® and metabolite quantification.18 In this work, we developed a PRM-
based targeted quantitative proteomic method to interrogate the human heat shock proteome,
and we further applied the method for assessing the perturbations of HSPs during melanoma
metastasis. Our results revealed many differentially expressed HSPs in paired primary/
metastatic melanoma cells, including DNAJB4, which was uniformly down-regulated in the
three metastatic lines of melanoma cells relative to the paired primary melanoma cells. We
also demonstrated that DNAJB4 suppressed melanoma metastasis by modulating the
expression levels and activities of matrix metalloproteinases 2 and 9 (MMP-2 and MMP-9).

EXPERIMENTAL SECTION

Cell Culture.

WM-115 and WM-266-4 cells (ATCC) were cultured in Eagle’s Minimum Essential
Medium. IGR-39, IGR-37 (obtained from Prof. Peter H. Duesberg),1” WM-793, and 1205Lu

Anal Chem. Author manuscript; available in PMC 2019 June 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miao et al.

Page 3

(Wistar Institute) cells were cultured in Dulbecco’s Modified Eagle Medium. All culture
media were supplemented with 10% fetal bovine serum (Invitrogen, Carlsbad, CA) and
penicillin (100 IU/mL). The cells were maintained at 37 °C in a humidified atmosphere
containing 5% CO,. Approximately 2 x 107 cells were harvested, washed with cold PBS
three times, and lysed by incubating on ice for 30 min in CelLytic M (Sigma) cell lysis
reagent containing 1% protease inhibitor cocktail. The cell lysates were centrifuged at 9000g
at 4 °C for 30 min, and the resulting supernatants were collected. WM-115 and WM-266—4
cells were derived from the primary and metastatic sites of the same melanoma patient.18
IGR-39 and IGR-37 cells were derived from the primary and metastatic sites of another
melanoma patient.1® 1205Lu cells were initiated from a lung metastasis of WM-793 human
melanoma cells after subcutaneous injection into an immune-deficient mouse.20 Cells were
cultured in SILAC medium containing [23Cg,15N,]-lysine and [13Cg]Jarginine for at least 10
days to promote complete incorporation of isotope-labeled amino acids.?!

Plasmid and siRNAs.

The sequences for siDNAJB4 was 5 -AACCCGGAAUGAGGAGAAGAA-3".22 The coding
sequences of DNAJB4 gene was amplified from a cDNA library from M14 cells by PCR
primers 5'-GCTCTAGAGCATTCGAAATGGGGAAA-3" and 5’-
CGGGATCCTCTTCATTCTATGAGGCA-3". cDNA was subcloned into BamHI- and Xbal-
linearized pRK7 vectors. siRNA was transfected using RNAIMAX (Invitrogen) following
the manufacturer’s protocol, where non-targeting SiRNA (Dharmacon, D-001210-02-20)
was used as control. pPRK7-DNAJB4 and pRK7-empty vector were transfected into
WM-266-4, IGR-37, and 1205Lu cells by using Lipofectamine 2000 (Life Technologies).

LC-PRM Analysis.

To assess the differential expression of heat shock proteins in primary and metastatic
melanoma cells, we conducted one forward and one reverse SILAC labeling experiment,
where lysates of light-labeled primary melanoma cells and heavy-labeled metastatic
melanoma cells were combined at a 1:1 ratio in the forward labeling experiments. The
reverse labeling experiments were conducted in the opposite way. All LC-PRM experiments
were performed on a Q Exactive Plus quadrupole—Orbitrap mass spectrometer. The mass
spectrometer was coupled with an EASY-nLC 1200 system (Thermo Scientific), and the
samples were automatically loaded onto a 4 cm trapping column (150 pm i.d.) packed with
ReproSil-Pur 120 C18-AQ resin (5 um in particle size and 120 A in pore size, Dr. Maisch
GmbH HPLC) at 3 pL/min. The trapping column was coupled to a 20 cm fused silica
analytical column (PicoTip Emitter, New Objective, 75 um i.d.) packed with ReproSil-Pur
120 C18-AQ resin (3 um in particle size and 120 A in pore size, Dr. Maisch GmbH HPLC).
The peptides were then separated using a 140 min linear gradient of 9-38% acetonitrile in
0.1% formic acid and at a flow rate of 300 nL/min. The spray voltage was 1.8 kV. Precursor
ions were isolated, at an isolation width of 1.0 m/z, and collisionally activated in the HCD
cell with a collision energy of 29 to yield MS/MS.

PRM Data Analysis.

All raw files were processed using Skyline (version 3.5)23 for the generation of extracted-ion
chromatograms and peak integration. We imposed a mass accuracy of within 20 ppm for
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fragment ions during the identification of peptides in the Skyline platform. The targeted
peptides were manually checked to ensure that the transitions for multiple fragment ions
derived from light and heavy forms of the same peptide exhibit the same elution time in the
preselected retention time window. The data were then processed to ensure that the
distribution of the relative intensities of multiple transitions associated with the same
precursor ion correlates with the theoretical distribution in the MS/MS spectral library entry,
which was acquired from shotgun proteomic analysis. The sum of peak areas from all
transitions of light or heavy forms of peptides was used for quantification. The Skyline PRM
library for heat shock proteins and the raw files for LC-PRM analyses of heat shock proteins
for paired melanoma cells were deposited into PeptideAtlas with the identifier number of
PASS01177 (http://www.peptideatlas.org/PASS/PASS01177).

TCGA Data Analysis.

RESULTS

OncolLnc?* was employed for Kaplan—Meier survival analysis of melanoma patients using
The Cancer Genome Atlas data, where patients were stratified based on the expression levels
of DNAJB4 gene being among the top (high group) and bottom (low group) quartiles,
respectively. Differences in survival with logrank p-values being less than 0.05 were
considered significant.

Development of a High-Throughput PRM Method for the Quantitative Analysis of the Heat
Shock Proteome.

Construction of a PRM Library for Heat Shock Proteins.—The major objective of
the present study was to develop a high-throughput analytical method, relying on parallel-
reaction monitoring (PRM), for profiling quantitatively the human heat shock proteome. To
this end, we first constructed a Skyline PRM library using the retention time, MS, and
MS/MS of peptides of heat shock proteins retrieved from shotgun proteomic analyses of the
tryptic digestion mixtures of 10 unique cell lines derived from different human tissue
origins. These data were obtained from more than 200 LC-MS/MS runs and led to the
identification of 11 879 protein groups.

Owing to the high level of similarity in protein sequences from some heat shock proteins, we
inspected manually all the identified peptides and incorporated only the unique peptides
representing individual heat shock proteins into the library. By including a maximum of five
unique peptides for any given heat shock proteins into the library, our current PRM HSP
library encompassed 180 unique peptides from 57 distinct human heat shock proteins
(Figure 1a, Table S2). This covers approximately 70% of the human heat shock proteome,
which contains a total of 84 proteins.2> Among the 57 heat shock proteins in the library, 33,
9, and 5 belong to the HSP40, HSP70, and HSP90 groups, respectively (Figure 1b).

Retention Time Calibration.—To achieve high-throughput detection of HSP peptides,
we adopted scheduled PRM analysis, where the mass spectrometer was programmed to
acquire the MS/MS of the precursor ions for a limited number of peptides in each 10 min
retention time (RT) window. To achieve this, we calculated the normalized RT (iRT) value
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for each peptide on our target list following a previously published method.26:27 By using 10
tryptic peptides of bovine serum albumin (BSA) as standards, we successfully converted the
experimentally determined retention times of the 180 peptides from heat shock proteins into
normalized iRT scores (Table S2). The iRT value represents an intrinsic property (i.e.,
hydrophobicity) of a peptide. Hence, a substantial deviation of measured RT from that
projected from the linear plot of RT over iRT is considered a false-positive detection, which
is employed as a criterion to validate the results obtained from the PRM assay. The linear RT
vs iRT relationship was redefined after every 5-7 LC-PRM runs through the analysis of the
tryptic digestion mixture of BSA.

Revelation of Differential Expression of Heat Shock Proteins during Melanoma Metastasis
by Scheduled LCPRM Analysis.

To assess the reprogramming of heat shock proteome during melanoma metastasis, we
employed LC-MS/ MS in the PRM mode, together with metabolic labeling using SILAC,2!
to examine the differential expression of HSPs in three matched primary/metastatic
melanoma cells (i.e., WM-115/WM-266-4, IGR-39/IGR-37, and WM-793/1205Lu. Figure
1c). As shown in Figure 2a, 48 unique HSPs were quantified in WM-115/WM-266-4 paired
melanoma cell lines by our PRM-based targeted proteomics method (Figure 2a). All of the
quantified peptides for heat shock proteins exhibit an excellent linear fit between the
observed retention time and iRT in the library (Figure S1a). Additionally, all 4-6 transitions
used for quantification of each peptide from heat shock proteins were eluted at the same
retention time with a dot product (dotp) of >0.7 when compared to the same fragment ions
found in the MS/MS acquired from shotgun proteomic analysis (Figure S2a),28 suggesting
that our method is highly reliable for peptide identification. Furthermore, all the quantified
heat shock proteins appeared in both forward and reverse SILAC labeling experiments
(Figure 2b). The ratios of quantified peptides obtained from forward and reverse SILAC
labeling experiments exhibited an excellent linear fit (Figures 2c and S2b) and displayed a
strong correlation (see heat map in Figure S2c), supporting the reproducibility of the
analytical method. Moreover, the reproducibility of the method is reflected by the
observation that consistent ratios were obtained for different tryptic peptides derived from
the same heat shock proteins (Table S3). In this regard, the average relative standard
deviations (RSD) among the different quantified peptides from the same heat shock proteins
were 11.1% for the data acquired for the WM-115/WM-266-4 paired melanoma cell lines
(Table S3).

We also analyzed the SILAC samples from paired WM-115/WM-266-4 melanoma cells by
using LC-MS/MS in the DDA mode. After prefractionation using a strong cation-exchange
(SCX) column,2® 20 fractions were subjected to LC-MS/MS analysis in the DDA mode. The
results from this analysis only led to the quantification of 36 heat shock proteins.
Meanwhile, our scheduled PRM method allowed for the quantification of 48 heat shock
proteins in two LC-PRM runs without prefractionation, demonstrating the superior
sensitivity and throughput of the PRM method (Figure S1b).

A total of 43 and 44 unique heat shock proteins were quantified in IGR-39/IGR-37 and
WM-793/1205Lu paired melanoma cells, respectively. The reliability and reproducibility of
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the quantification results were similar to those obtained from the WM-115/WM-266-4
paired melanoma cells (Figure S1c—f and Table S3). Our quantification results showed that
7, 10, and 20 heat shock proteins were up-regulated, and 18, 8, and 5 were down-regulated
in primary (WM-115, IGR-39, and WM-793 cells, respectively) relative to the
corresponding metastatic (WM-266-4, IGR-37, and 1205Lu) melanoma cells (Figures 2a,
S3, 2d, and Table S3). We also assessed the differential expression of DNAJB4, DNAJC3,
and DNAJB1 (HSP40) in paired WM-115/WM-266—4 melanoma cells by using Western
blot analysis. The ratios obtained from Western blot are in keeping with those obtained from
PRM analyses (Figures 3a and S4), demonstrating that the PRM method is capable of
profiling accurately the differential expression of heat shock proteins. In the meantime, we
found that HSPB1 (HSP27), which was previously shown to suppress the invasive ability
and the activities of secreted matrix metalloproteinases (MMPs) in A375 malignant
melanoma cells, 30 is up-regulated in the two primary melanoma cells, WM-115 and IGR-39
(Figure 2d).

Down-Regulation of DNAJB4 in Metastatic Melanoma Cells and Its Modulation of the
Invasive Capabilities of Cultured Melanoma Cells.

As noted above, our PRM method has revealed the differential expression of a known
suppressor for melanoma metastasis, i.e., HSPB1. We next asked whether any other
differentially expressed heat shock proteins may act as drivers or suppressors for melanoma
metastasis. In this vein, we found that DNAJB4 was down-regulated in all three metastatic
melanoma cells relative to the corresponding primary melanoma cells, which we validated
by Western blot analysis (Figure 3a—c). In addition, Kaplan—Meier survival analysis of The
Cancer Genome Atlas (TCGA) data?* showed poorer prognosis for those melanoma patients
with lower levels of mRNA expression of the DNAJB4 gene (Figure 3d), indicating that
DNAJB4 may suppress melanoma metastasis. Along this line, DNAJB4 was previously
shown to be a suppressor for lung cancer metastasis.3!

To explore the potential roles of DNAJB4 in melanoma metastasis, we next examined how
the migratory and invasive abilities of WM-115 and WM-266—-4 cells are modulated by the
expression level of DNAJB4. Our results showed that, after knocking down the expression of
DNAJB4 using siRNA (Figure S5), the invasive ability of WM-115 cells increased
significantly (Figures 4a and S6a). Reciprocally, ectopic overexpression of DNAJB4 led to
diminished invasive ability of WM-266-4 cells (Figures 4a and S6b). However, no
significant alterations in the migratory abilities were observed for WM-115 or WM-266-4
cells upon genetic manipulation of the expression level of DNAJB4 (Figures 4b and S6a,b).
Likewise, we found that ectopic overexpression of DNAJB4 led to significant diminutions in
invasive abilities of the two other metastatic melanoma lines (i.e., IGR-37 and 1205Lu cells,
Figures 4a and S7), though no apparent alteration in migratory abilities was observed
(Figures 4b and S7). In addition, siRNA-mediated knockdown of DNAJB4 in the two other
lines of primary melanoma cells (i.e., IGR-39 and WM-793) elicited marked elevations in
migration and invasion abilities (Figures 4a,b, S5, and S7). Cumulatively, the above results
suggested that DNAJB4 suppresses melanoma metastasis in cultured cells.
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Suppression of Melanoma Cell Invasion by DNAJB4 via Regulation of Matrix
Metalloproteinases (MMPS).

Having demonstrated the role of DNAJB4 in suppressing the invasive capabilities of
melanoma cells, we next explored the mechanisms through which the invasive capacities of
melanoma cells are regulated by DNAJB4. Matrix metalloproteinases (MMPs) are cancer-
associated, secreted, zinc-dependent endopeptidases that assume important roles in
degrading extracellular matrix (ECM) proteins and in promoting cancer metastasis.3?
Moreover, metastatic cancer cells often display augmented levels of MMPs relative to
primary tumor cells. Among the human MMPs, MMP-2 (gelatinase A) and MMP-9
(gelatinase B) are two major proteases responsible for remodeling the ECM environment
and facilitating cancer metastasis.33

To examine the potential involvements of MMP-2 and MMP-9 in DNAJB4-mediated
alterations in the invasive capabilities of melanoma cells, we assessed, by using a gelatin
zymography assay, how the activities of secreted MMPs in melanoma cells are affected by
the expression level of DNAJB4. Our results demonstrated that the activities of secreted
MMP-2 and MMP-9 decreased (Figures 5 and S8) in the three lines of metastatic melanoma
cells (WM-266-4, IGR-37, and 1205Lu) with ectopic overexpression of DNAJB4. On the
other hand, siRNA-mediated knockdown of DNAJB4 led to marked elevations in the
activities of MMP-2 and MMP-9 in the three lines of primary melanoma cells (WM-115,
IGR-39, and WM-793. Figures 5 and S8), suggest that DNAJB4 inhibits the activity of
secreted MMPs.

We also assessed, by employing qRT-PCR, how the mRNA expression levels of MMPZ2and
MMP9 genes in melanoma cells are regulated by the expression levels of DNAJB4. Our
results showed that ectopic overexpression of DNAJB4 in the three lines of metastatic
melanoma cells (WM-266-4, IGR-37, and 1205Lu) suppressed the expression of MMP2 and
MMP9 genes (Figure S9). siRNA-mediated knockdown of DNAJB4 in the primary
melanoma cells (WM-115, IGR-39, and WM-793), however, induced heightened mRNA
expression levels of MMP2 and MMP9 (Figure S9). Together, DNAJB4 may suppress
melanoma metastasis by inhibiting the transcription of genes encoding MMP-2 and MMP-9
and by diminishing the activities of secreted MMPs.

DISCUSSION

In this study, we developed, for the first time, a PRM-based targeted quantitative proteomic
method for the comprehensive analysis of the heat shock proteome in cultured human cells.
Our PRM library contained 57 heat shock proteins, which encompassed approximately 70%
of the human heat shock proteome. We showed that the method exhibited higher throughput
and superior sensitivity than the shotgun proteomic method.

We also applied this method to investigate the reprogramming of the heat shock proteome
during melanoma metastasis by analyzing the differential expression of heat shock proteins
in three matched pairs of primary/metastatic melanoma cell lines, WM-115/WM-266-4,
IGR-39/IGR-37, and WM-793/1205Lu. HSPB1 (HSP27), a previously reported suppressor
for melanoma metastasis,3? was found to be down-regulated in two metastatic melanoma

Anal Chem. Author manuscript; available in PMC 2019 June 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miao et al.

Page 8

cells based on PRM analysis. Moreover, DNAJB4, whose elevated expression confers better
survival in melanoma patients, was found to be consistently down-regulated in all three lines
of metastatic melanoma cells. We also demonstrated that DNAJB4 suppressed melanoma
cell invasion by inhibiting the expression and activity of MMP-2 and MMP-9.

DNAJB4 was found to interact with AP-2a to repress the expression of AP-2a target genes
in lung cancer cells,34 and MMPZ24 and MMPS® genes could be transcriptionally regulated
by AP-2a. Our RT-qPCR result showed that the mRNA levels of MMP2and MMPI genes
could be modulated by the expression levels of DNAJB4 in all three pairs of melanoma
cells. Thus, the suppressed expression of the MMPZ2and MMP9 genes by DNAJB4 could be
attributed to the binding between DNAJB4 and AP-2a in melanoma cells.

Secretion of MMP-9 was shown to be regulated by SRC tyrosine kinase,38 which is known
to promote the metastatic transformations of different types of cancers,3” including
melanoma.38 On the grounds of our observation that diminished expression of DNAJB4
could elicit increased secretion of MMP-9 and the previous finding that DNAJB4 could act
as an endogenous inhibitor for SRC,3! we reason that the increased secretion of MMP-9 in
WM-793 cells may arise from the elevated activity of SRC induced by siRNA-mediated
knockdown of DNAJB4.

Aside from DNAJBA4, several other heat shock proteins were found to be differentially
expressed in primary/metastatic melanoma cells. These proteins could potentially play
critical roles in melanoma metastasis. For instance, DNAJC3, which is commonly up-
regulated in the three lines of metastatic melanoma cells, is known to inhibit the
phosphorylation of elF2a..3% The phosphorylation of elF2a has been demonstrated to be
associated with cancer progression;40 therefore, DNAJC3 could also be a potential driver for
melanoma metastasis. Melanoma is one of the most common cancers in the United States,
and metastasis contributes to the mortality of the majority of melanoma patients.1 Qur
targeted proteomics method led to the discovery of novel potential promoters or suppressors
of melanoma metastasis, which provided important new knowledge for understanding the
etiology of melanoma progression.

Taken together, we developed, for the first time, a high-throughput and robust PRM-based
targeted proteomic method for the quantitative analysis of the human heat shock proteome.
It can be envisaged that the method can be generally applicable for assessing how cells
respond to extracellular stimuli (e.g., upon exposure to environmental toxicants or heat
shock protein inhibitors) by altering the expression of heat shock proteins.
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Figurel.
PRM-based targeted proteomic approach for interrogating the human heat shock proteome.

(a) A Venn diagram displaying the numbers of heat shock proteins included in the PRM
library and those that could be quantified by the PRM method. (b) A pie chart depicting the
protein coverage of different groups of heat shock proteins. (c) Experimental strategy for the
PRM-based targeted proteomic approach.
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Figure2.
Performances of PRM-based targeted proteomic approach for interrogating the perturbations

in expression of heat shock proteins during melanoma metastasis. (a) Differential expression
of heat shock proteins in WM-115/WM-266-4 paired melanoma cells. (b) A Venn diagram
displaying the overlap between quantified heat shock proteins from the forward and reverse
SILAC labelings of WM-115/WM-266-4 paired melanoma cells. (c) Correlation between
the ratios obtained from forward and reverse SILAC labeling experiments. (d) A heat map
showing the differences in expression of heat shock proteins in three pairs of primary/
metastatic melanoma cell lines. Genes were clustered according to Euclidean distance. The
data in (a) and (d) represent the mean of the results obtained from one forward and one
reverse SILAC labeling, and Table S3 lists the ratios obtained from individual
measurements.
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DNAJB4 is down-regulated in metastatic melanoma cells. (a) Western blot for the validation
of the expression levels of DNAJB4 in the three pairs of melanoma cells. 115, 266-4, 39, 37,
793, and 1205 denote WM-115, WM-266-4, IGR-39, IGR-37, WM-793, and 1205Lu cells,
respectively. (b) PRM traces for the quantification of DNAJB4 protein in three pairs of
melanoma cells from forward and reverse SILAC labeling experiments. (c) Quantitative
comparison of ratios of DNAJB4 obtained from PRM and Western blot analysis (n = 3). (d)
Kaplan—-Meier survival analysis showing that higher levels of expression of the DNAJB4
gene confers better prognosis of melanoma patients.
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Figure 4.
DNAJB4 modulates the invasive capacities of melanoma cells. (a, b) Quantification data

showing the effects of expression levels of DNAJB4 on the invasive (a) and migratory (b)
abilities of melanoma cells. The data represent the mean and standard deviation of results
obtained from three parallel experiments. O.E. represents ectopic overexpression. ()
Representative images showing the effect of siRNA-mediated knockdown of DNAJB4 on
the migration and invasion of WM-793 primary melanoma cells.
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Figure5.
DNAJB4 modulates the enzymatic activities of MMP-2 and MMP-9. (a) Representative

gelatin zymography assay result showing the changes in activities of secreted MMP-2 and
MMP-9 in WM-793 cells upon treatment with control, non-targeting siRNA, or sSiRNA
targeting DNAJBA4. (b) Quantification results showing the modulation of activities of
secreted MMP-2 and MMP-9 in primary melanoma cells upon siRNA-induced knockdown
of DNAJB4 (left) or in metastatic melanoma cells upon ectopic overexpression of DNAJB4
(right). The data represent the mean and standard deviation of results obtained from three
parallel experiments and were normalized to the results obtained for primary cells treated
with control non-targeting siRNA (left) or metastatic melanoma cells treated with control
empty vector (right).
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