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Materials and Methods: 

Immunohistochemistry 

RecQL4 expression was analyzed in the prostate tumor tissue arrays by 

immunohistochemistry using a C-terminal antibody. Immunohistochemistry was performed 

using DAKO cytomation kit. The signal was detected using Vector ABC Elite peroxidase kit 

(Vector Laboratories, USA) following the manufacturer’s protocol. Immunohistochemistry 

staining was quantified by both visual examination and by using a computer based image 

analysis system equipped with MetaVue software (Universal Imaging, Westchester, PA, USA). 

Images (24 bit) were captured with a 40X objective and background subtraction was 

automatically performed for every tissue sample. The intensity color threshold value at hue-

saturation–intensity for the best discrimination of tissue and background was obtained by 

evaluating several optical fields (at least 5) of the sample. All the normal and tumor tissues were 

scored with the same threshold setting for comparison. The integrated optical density (IOD) was 

used to categorize the staining intensity as low, medium and high. 

Cell invasion assay 

To measure cellular invasion, InnoCyte™ cell invasion kit (EMD Biosciences Inc., San Diego, 

CA) was used following the manufacturer’s instructions.  Briefly, media containing 10% FBS 

was added to the lower chamber whereas 0.25 x 106 of each cell suspension in serum-free media 

was added to the upper chamber insert of the cell invasion system.  Cells were allowed to invade 
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through the 0.8µm pore size membrane of the insert for 48 h at 37°C in the incubator. Cells were 

detached from the underside of the insert and labeled with Calcein-AM.  Fluorescence was 

measured at an excitation wavelength of 485 nm and an emission wavelength of 520 nm. Values 

are represented in relative fluorescence units (RFU). At least three independent biological 

experiments were performed for reproducibility and verification of the results obtained. 

Primer sequence  

Primer sequence for RecQL4 for RT-PCR is the following: 

Forward 5’ GTG CCA CAG TCA CAA CCA AG 3’ 

Reverse 5’ GTG GAG ATG CCA GAC AGG AT 3’ 

Primers specific for RecQL4 and -actin for quantitative real time PCR analysis were obtained 

from Super Array Biosciences, MD, USA.  

The primers used for RecQL4 promoter for the ChIP assay are the following: 

Forward 5’ CTC CCA AAT GCA GCC ACT 3’ 

Reverse   5’  CTC GGA CAA GCA GCC AAT 3’, 
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Results 

Chromosome 8q arm is altered in metastatic human prostate cancer cell lines 

The RecQL4 gene has been mapped to the human chromosome 8q24.3. To examine 

chromosome 8 alterations in the prostate cancer cell lines,  fluorescence in situ hybridization 

(FISH) was performed using a chromosome 8 specific multicolor DNA band  probe (M-band, 

Meta Systems, Boston, USA). In corroboration with an earlier study (Beheshti et al., 2000), 

DU145 cells had one intact chromosome 8, one with a partial 8p deletion and one with a 

complete 8p deletion. (Suppl.Fig.1). The LNCaP cells had 3 intact copies of chromosome 8   and 

1 copy with a partial deletion of 8p. The PC3 cells had 6 copies of distal 8q (5 involved in 

translocations with other chromosomes) and one chromosome 8 with a proximal deletion of 8p 

(Suppl.Fig.1).  It is worth pointing out that the three metastatic cancer cell lines used in this study 

were derived from different organ sites. While the PC3 cell line was established from prostate 

adenocarcinoma metastatic to bone, the DU145 and LNCaP cell lines were established from 

prostate adenocarcinoma metastatic to brain and left supraclavicular lymph node, respectively 

(Kaighn et al., 1979; Stone et al., 1978).  After ascertaining chromosome 8q alterations by the 

M-band approach,  chromosome locus (8q24.3) harboring the RecQL4 gene was analyzed using 

spectrum orange labeled BAC (Bacterial Artificial Chromosome) probe proximal to 8q24.3 gene 

locus (RP11-374B7, Open Biosystems, Huntsville, Alabama, USA)  and  a spectrum green 

labeled centromeric DNA probe specific for chromosome 8. Consistent with the M-band, the 

BAC probe also revealed 3, 4 and 6 hybridization spots in the DU145, LNCaP and PC3 cell lines 

respectively (Supple.Fig.1). In contrast, immortalized non-tumorigenic RWPE1 cells showed 

only two hybridization spots with the BAC probe. These results confirm the M-band FISH data 
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described above and demonstrate that 8q alterations involving the 8q24.3 region occur in the 

prostate cancer cell lines examined in this study. 

 

Suppl. Fig.1 (A) Fluorescence in situ hybridization (FISH) using multicolor band (M-band) DNA 

probe specific for chromosome 8 in normal (RWPE1) and metastatic prostate cancer cell lines 

(DU145,LNCaP and PC3; I-Intact chromosome, 8p-short arm, P-8q- partial chromosome 8q 

arm). (B) A representative picture of chromosome 8 showing the characteristic M-band pattern 

obtained in merged (M) and processed (P) color modes together with the ideogram. Arrows 

indicate the sites where the breakage frequently occurred at the chromosome 8q arm in the 

prostate cancer cell lines. (C) FISH analysis using spectrum orange labeled BAC probe (red) 

corresponding to 8q24.3 locus and spectrum green labeled chromosome 8 specific centromeric 

probe (green) in normal (RWPE1) and metastatic prostate epithelial cells (DU145, LNCaP and 

PC3). Arrow heads indicate the hybridization signals. Scale bar= 5µm. 
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Stable RecQL4 knockdown increases spontaneous chromosomal instability in metastatic 

prostate cancer cells 

To verify whether increased DNA strand breaks enhance chromosomal instability, M-

FISH analysis was performed. In contrast to control vector transfected cells, numerous small 

chromosome fragments were observed in the metaphases prepared from RecQL4 suppressed cell 

lines (Suppl.Fig.2A). Strikingly, in addition to increased chromosome fragments, the 

chromosome number also increased in more than 40% of the metaphase complements in RecQL4 

suppressed cell lines (90 ±12) in comparison to empty and scrambled vector transfected cells 

(59±6). Consistent with elevated chromosome number, the proportion of hyperdiploid (>4N) 

cells in the absence of any exogenous DNA damage was 1.2-1.6 fold higher in RecQL4 

suppressed clonal cell lines than that of mock and empty vector transfected PC3 cells.  

Collectively, these findings suggest that RecQL4 helps in maintaining the chromosomal 

integrity/stability by protecting the prostate cancer cells from spontaneous DNA damage induced 

apoptosis. 

Results of the aforementioned studies led us to verify whether RecQL4 also protects the 

prostate cancer cells from exogenous DNA damage. Cell cycle analysis performed 24 hr after 

10J/m2  of UV-C radiation revealed that the proportion of apoptotic sub-G1 cells in RecQL4 

suppressed clonal cell lines was 2-3 fold more than either mock or empty vector treated cells 

(Suppl.Fig.2B). These findings illustrate that RecQL4 protects the prostate cancer cells from 

exogenous DNA damage induced apoptosis. 
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Suppl.Fig.2. RecQL4 protects prostate cancer cells against endogenous and exogenous DNA 

damage. (A) M-FISH analysis in clonal PC3 cell lines transfected with empty and RecQL4 

shRNA targeting vectors. Elevated levels of chromosome number and small chromosome 

fragments (marked by white circles) were observed in RecQL4 suppressed cells. Arrow indicates 

the chromosome with complex translocation involving parts of 6 different chromosomes. (B) 

Analysis of cell cycle progression in mock treated and UV-C treated PC3 cells transfected with 

no vector, empty vector (Clone 5) and RecQL4 shRNA (Clone 6 and Clone 4) vectors. Cells 

were analyzed 24 hr after UV-C radiation. Asterisks indicate the hyperdiploid cell population in 

RecQL4 suppressed cell lines. Arrows indicate the position of apoptotic sub-G1 cells. Scale bar 

=5µm. 

Effect of TSA on metastatic prostate cancer cells 

Consistent with increased Rb phosphorylation observed in prostate cancer cells, 

immunohistochemical studies also demonstrated a correlation between Rb hyperphosphorylation 

and RecQL4 expression in 64 prostate tumor tissues from the PR751 array (Suppl.Fig.3A). 

Treatment of RWPE1 and PC3 cells with TSA reduced the proportion of G1 phase cells with a 

concomitant increase in G2/M phase cells but the enrichment of G2/M phase cells was higher at 

a lower TSA concentration (0.5µM). TSA at 1µM concentration reduced the proportion of S-
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phase cells only by 2-3% relative to mock control in both cell lines (Suppl.Fig.3B). Strikingly, 

the apoptotic sub-G1 cells were more in PC3 cells (23.28%) than in RWPE1 cells (6.42%) after 

treatment with 1µM of TSA. Treatment of metastatic prostate cancer cells with TSA showed a 

dose dependent effect on RecQL4 expression (Suppl.Fig.3C). 

        

Suppl.Fig.3. (A) The positive correlation between Rb hyperphosphorylation and RecQL4 

expression was observed in prostate tumor tissue array. For comparison, each of the two identical 

tumor tissue arrays (PR751, US Biomax, Inc. USA) was separately stained with rabbit polyclonal 

antibodies for RecQL4 and for Rb-phosphorylation (Thr373; Santa Cruz Biotechnology, USA). 
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A representative picture showing the immunoreactivity of phosphorylated Rb and RecQL4 in a 

prostate tumor tissue (50 yrs old, Gleason score 7) is shown in G. The indicated region (open 

box) is magnified for visual enhancement of the staining patterns of RecQL4 and phospho-Rb 

(Thr373, right panels). Scale bar = 60µm. (B) Effect of TSA on cell cycle progression in RWPE1 

and PC3 cells. Cells in exponential growth phase were treated with indicated TSA concentrations 

and cell cycle analysis was performed 48 hr after treatment. (C) Treatment of metastatic prostate 

cancer cell lines with TSA reduces RecQL4 expression. Cells in exponential growth phase were 

treated with TSA for 48 hr and RT-PCR was performed using the cDNA synthesized from mock 

and TSA treated cells. GAPDH was used as a positive control. (B)  

Expression of other human RecQ helicases in prostate cancer cell lines 

Among the 5 RecQ helicases, RecQL4 alone showed an elevated expression consistently in all 

the 6 prostate cancer cells lines examined by us. In contrast, BLM helicase was highly expressed 

only in DU145 cells while the expression levels of other human RecQ helicases (RecQL1, 

RecQL5 and WRN) were grossly similar in immortalized prostate epithelial and prostate cancer 

cell lines (Suppl.Fig.4). 

                                               

Suppl.Fig.4. Analysis of human RecQ helicases in RWPE1 and metastatic prostate cancer cell 

lines. 50 µg of total cellular proteins isolated from exponentially growing cells were size 
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fractionated on 4-12% Tris. Glycine gels. RecQ helicases were detected using primary (RecQL1; 

Bethyl Laboratories, BLM; Cell Signaling, WRN- Novus Biologicals, RecQL5 and -Tubulin, 

Santa Cruz Biotechnology) and HRP conjugated secondary antibodies (Vector Laboratories).  
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