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 Supplementary Materials and Methods 

Mice 

For lineage-tracing experiment, mTmG (Gt(ROSA)26Sortm4(ACTB-tdTomato,-EGFP)Luo/J), a double-

fluorescent Cre reporter mouse line was used (1). Ddx3xflox/Y;mTmG/+ males were first generated, 

and then crossed with Alb-Cre/+;Ddx3xflox/+ females to obtain Alb-Cre/+;mTmG/+;Ddx3xflox/Y male, 

Alb-Cre/+;mTmG/+;Ddx3xflox/flox female mice, and their littermate controls. 

 

Histology, quantitative reverse transcription-polymerase chain reaction (RT-PCR) analysis, cell 

culture, transfection, and chromatin immunoprecipitation (ChIP)-PCR assay. 

All these experiments were performed as described previously (2, 3). To perform ChIP assay using 

liver tissue, frozen sample was powdered by a steel mortar/pestle in liquid nitrogen and resuspended 

in a small amount of PBS. The resulting tissue powder was then crosslinked with 1% 

formaldehyde/PBS for 10 minutes and quenched with 0.125 M Glycine for 10 minutes at room 

temperature. The crosslinked tissue powder was pelleted, washed with ice-cold PBS, and then 

homogenized in cell lysis buffer (20 mM HEPES-KOH, pH 7.5, 140 mM NaCl, 1 mM EDTA, and 

0.5% Triton X-100) using a homogenizer (MICCRA D-9, MICCRA GmbH, Müllheim, Germany). 

The final pellet was harvested by centrifugation and resuspended in chromatin lysis buffer (50 mM 

HEPES-KOH, pH 7.5, 140 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.25% Sodium deoxycholate, 

and 0.2% SDS). Subsequent ChIP experimental procedures were identical to those described 

previously (3). To knockdown endogenous SP1, HepG2 cells were transfected with siRNAs (Non-

TARGET siRNA pool, D-00004-02 and On-TARGETplus human Sp1 siRNA pool, L-026959-00-

0010; Thermo Fisher Scientific, Waltham, MA) using Lipofectamine RNAiMAX transfection reagent 

(#13778-150, Invitrogen, Waltham, MA) according to the manufacturer’s instructions. 

Isolation of hepatocytes from mouse liver 
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Hepatocytes from 6-week-old Ddx3xflox/flox and Alb-Cre/+;Ddx3xflox/flox mice were isolated using 

collagenase perfusion technique. After hepatic portal vein was cannulated, the inferior vena cava was 

cut. The liver was perfused with 30 ml Liver Perfusion Medium (17701038, Thermo Fisher Scientific, 

Waltham, MA), followed by 30 ml Liver Digest Medium (17703034, Thermo Fisher Scientific) and 

30 ml PBS. The liver was then dissected from mice and shredded in Leibovitz's L-15 Medium 

(11415064, Thermo Fisher Scientific). The hepatocytes were isolated by low-speed centrifugation at 

50 xg for 10 minutes, resuspended and washed with Hepatocyte Wash Medium (17704024, Thermo 

Fisher Scientific) for three times to reduce the contamination of non-parenchymal cells. 

 

Antibodies used in immunohistochemistry 

Antibodies against 53BP1 (NB100904, Novus Biologicals, Littleton, CO), A6 (A6 BCM, 

Developmental Studies Hybridoma Bank at the University of Iowa, IA), AFP (ab46799, Abcam, 

Cambridge, MA), -Tubulin (sc-8035, Santa Cruz Biotechnology, Dallas, TX), β-catenin (sc-1496, 

Santa Cruz Biotechnology), B220 (#166501, SouthernBiotech, Birmingham, AL), CD3 (ab5690, 

Abcam), Cleaved-Caspase 3 (#9661, Cell Signaling, Danvers, MA), EpCAM (G8.8, Developmental 

Studies Hybridoma Bank at the University of Iowa), Endoglin (AF1320, R&D Systems, MN), F4/80 

(ab6640, Abcam), GFP (GTX113617, GeneTex, CA), γH2AX (#05-636, Millipore, Billerica, MA), 

HNF4 (sc-6556, Santa Cruz Biotechnology), IL1(ab9722, Abcam), K19 (AB2133570, Troma-III, 

Developmental Studies Hybridoma Bank at the University of Iowa), Ki67 (#12202, Cell Signaling), 

Mre11 (NB100-142, Novus Biologicals), NF-B p65 (#8242, Cell signaling), pATR (#2853P, Cell 

Signaling), pChk1 (#2344, Cell Signaling), pChk2 (#2197, Cell Signaling), RPA32 (NB100-142, 

Bethyl Laboratories, Montgomery, TX), RPA70 (A300-241A, Bethyl Laboratories), Sox9 (sc-20095, 

Santa Cruz Biotechnology), and TNF (ab6671, Abcam) were used. 

 

Western blotting 

Western blotting was performed as described previously (2). Antibodies against DDB2 (ab51017, 

Abcam), DDX3X, GAPDH (sc-32233, Santa Cruz Biotechnology), γH2AX (#9718, Cell Signaling), 

Mre11 (NB100-142, Novus Biologicals), RPA32 (NB100-142, Bethyl Laboratories), RPA70 (A300-

241A, Bethyl Laboratories), Sp1 (ab13370, Abcam), and XPA (sc-28353, Santa Cruz Biotechnology) 

were used. The chemi-luminescence signals were captured by a luminescence/fluorescence imaging 

system (Fujifilm, LAS-4000, Tokyo, Japan). Western blots were quantified using Multi Gauge 

software (Fujifilm).  
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 Supplementary Figures and Legends 

 

 

Supplementary Figure S1. The specificity and efficiency of Alb-Cre-mediated recombination. 

A, PCR genotyping of Ddx3x alleles. The livers were collected from Alb-Cre/+;Ddx3xflox/Y, Alb-

Cre/+;Ddx3xflox/+, Alb-Cre/+;Ddx3xflox/flox, and their gender-matched littermate controls. 

Representative gels of PCR products showed Ddx3x wild type (wt), deleted (null), and floxed (flox) 

alleles in genomic DNA from 3-, 6-, and 10-week-old mice. Left panel: male controls (Ctrl) and Alb-

Cre/+;Ddx3xflox/Y mutants (KO); right panel: female controls (Ctrl), Alb-Cre/+;Ddx3xflox/+ (Het, 

heterozygous), and Alb-Cre/+;Ddx3xflox/flox (KO) mutants. The levels of DNA products for both 

Ddx3x floxed and null alleles in each lane were quantified and set as 1. The relative levels of Ddx3x 

floxed and null alleles were quantified and shown under their corresponding panels (N=3 for each 

group). B, Lineage tracing of Alb-Cre-expressing cells in 3-week-old Alb-Cre/+;mTmG/+ liver. In 

Alb-Cre/+;mTmG/+ liver, GFP (mG)-positive cells confirm the successful recombination of mTmG 
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Cre reporter. Using anti-GFP, HNF4, K19, Sox9, and endoglin (cluster of differentiation CD105) 

antibodies in immunohistochemistry, we detected GFP signals in most (but not all) hepatocytes 

(HNF4-positive) and sparse liver progenitor cells/biliary epithelial marker K19- and Sox9-positive 

cells (arrowheads), but not in Endoglin-positive endothelial cells. Note that GFP-negative 

hepatocytes (arrows) were also detected. The boxed areas in the low-magnification views are shown 

at a higher magnification under their corresponding panels. The insets show higher magnification of 

the stained cells. C, The livers and kidneys were collected from 10-week-old 

+/+;mTmG/+;Ddx3xflox/flox, Alb-Cre/+;mTmG/+;Ddx3xflox/Y, and Alb-Cre/+;mTmG/+;Ddx3xflox/flox 

mice. Whole mount images of livers and kidneys under bright field are shown in the left panel, while 

the fluorescence microscopic images of the same tissues are shown in the right panel. D, PCR and 

western blot analyses confirmed the liver-specific Cre-mediated deletion of the Ddx3x gene. PCR 

analyses of genomic DNA extracted from livers and kidneys. A representative gel showed deleted 

and floxed Ddx3x alleles in genomic DNA from livers of both Alb-Cre/+;Ddx3xflox/Y male and Alb-

Cre/+;Ddx3xflox/flox female knockout mice. Floxed Ddx3x alleles were detected in genomic DNA from 

the livers of littermate controls (Ddx3xflox/Y male and Ddx3xflox/flox female) and all genomic DNA 

samples from kidneys. The -actin gene was used as a loading control for PCR amplification. 

Immunoblotting of DDX3X and GAPDH in livers and kidneys from littermate controls and Alb-

Cre/+;Ddx3xflox/Y and Alb-Cre/+;Ddx3xflox/flox mutants. DDX3X levels in liver and kidney of male 

controls, normalized to GAPDH, were set as 1. DDX3X (S) and DDX3X (L) indicate short and long 

exposures of the same blot, respectively. Scale bars, 100 m (B); 5 mm (C). 
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Supplementary Figure S2. The serum TG and TCHO levels in hepatocyte-specific Ddx3x 

knockout mice. The sera were collected from Ddx3x knockout mice (Alb-Cre/+;Ddx3xflox/Y males 

and Alb-Cre/+;Ddx3xflox/flox females) and their littermate controls at 12 to 27 months of age. N15 per 

group. 
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Supplementary Figure S3. Liver progenitor cell (LPC)/cholangiocyte markers in controls and 

Alb-Cre/+;Ddx3xflox/flox livers. A, Representative images of LPC markers A6-, K19-, and Sox9-

staining (red) in liver sections from littermate controls and Alb-Cre/+;Ddx3xflox/flox mice at indicated 

age (age in weeks). The positively stained cells are shown at higher magnification in the inset. Nuclei 

were counterstained with hematoxylin. B, A6-, K19-, and Sox9-positive cells per field (200x 

magnification) in livers from controls and Alb-Cre/+;Ddx3xflox/flox mice were quantified. For each 

sample, at least four fields were randomly selected and counted. N=5 for 6-week-old group and N=3 

for 3-, 10- and 20-week-old groups. The results were presented as mean ± SEM. Scale bar, 200 μm. 

*P < 0.05, **P < 0.01, and ***P < 0.001. 
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Supplementary Figure S4. Infiltration of immune cells and expression of cytokine genes in 

controls and Alb-Cre/+;Ddx3xflox/flox livers. A, Immunohistochemical analysis of F4/80, B220, and 

CD3 (red) in livers from controls and Alb-Cre/+;Ddx3xflox/flox mice at indicated age (age in weeks). 

The positively stained cells are shown at higher magnification in the inset. Nuclei were counterstained 

with hematoxylin. B, F4/80-, B220-, and CD3-positive cells per field (200x magnification) in livers 

from controls and Alb-Cre/+;Ddx3xflox/flox mice were quantified. For each sample, at least four fields 

were randomly selected and counted. N=5 for 6-week-old group and N=3 for 3-, 10- and 20-week-

old groups. C, Quantitative RT-PCR analysis of Il1 and TnfmRNA levels in livers from controls 

and Alb-Cre/+;Ddx3xflox/flox mice at indicated age (age in weeks). N=4 for 6-week-old group and N=3 

for 3-, 10-, and 20-week-old groups. The results were presented as mean ± SEM. Scale bar, 200 μm. 

*P < 0.05 and **P < 0.01.  
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Supplementary Figure S5. Infiltration of immune cells and expression of cytokine genes in aged 

controls and tumor-bearing Alb-Cre/+;Ddx3xflox/flox livers. A, Immunohistochemical analysis of 

F4/80, B220, CD3, IL1, TNF, and NF-B (red) in liver tissues from controls (non-tumor) and 

tumor-bearing Alb-Cre/+;Ddx3xflox/flox mice at 18~24 months of age. The positively stained cells are 

shown at higher magnification in the inset. Notably, nuclear localization of NF-B was observed in 

liver tumors from Alb-Cre/+;Ddx3xflox/flox mice. Nuclei were counterstained with hematoxylin. B, 

F4/80-, B220-, CD3-, IL1-, TNF-, and NF-B-positive cells per field (200x magnification) in liver 

sections from controls and Alb-Cre/+;Ddx3xflox/flox mice were quantified. For each sample, at least 

four fields were randomly selected and counted. N=3 per group. C, Quantitative RT-PCR analysis of 

Il1 and Tnfgenes expression in livers from controls and Alb-Cre/+;Ddx3xflox/flox mice. N=3 per 

group. The results were presented as mean ± SEM. Scale bar, 200 μm. *P < 0.05 and **P < 0.01. 
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Supplementary Figure S6. The H2AX foci were observed in proliferating Ki67-positive 

hepatocytes in 6-week-old Alb-Cre/+;Ddx3xflox/flox livers. Co-immunofluorescence staining of Ki67 

(green, arrow) and H2AX (red, open arrowhead) in livers from 6-week-old controls and Alb-

Cre/+;Ddx3xflox/flox mice. The solid arrowhead indicates Ki67 and H2AX double positive 

(H2AX+/Ki67+) hepatocyte. Higher magnification image of H2AX+/Ki67+ hepatocyte is shown in 

the inset. Nuclei (blue) were counterstained with DAPI. B, Percentages of H2AX+/Ki67+, 

H2AX+/Ki67, and H2AX/Ki67+ hepatocytes were quantified. For each sample, at least four fields 

(200x magnification) per section were randomly selected and counted. N=3 per group. The results 

were presented as mean ± SEM. Fisher’s exact test was used to determine P value. ***P < 0.001. 

Scale bar, 100 μm. 
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Supplementary Figure S7. Enlarged hepatocytes with atypical nuclei and 53BP1 nuclear bodies 

were observed in Alb-Cre/+;Ddx3xflox/flox mice. A, Membranous β-catenin immunostaining in 

controls and Alb-Cre/+;Ddx3xflox/flox livers. To visualize hepatocyte size, liver sections from controls 

and Alb-Cre/+;Ddx3xflox/flox mice at indicated age (age in weeks) were immunostained with an 

antibody against β-catenin (red). Nuclei (blue) were counterstained with hematoxylin. The enlarged 

hepatocytes (black arrowheads) with atypical nuclei (red arrowheads) were frequently detected in 

livers from Alb-Cre/+;Ddx3xflox/flox compared to controls. B, Representative 53BP1 immunostaining 

in liver sections from 6-week-old controls and Alb-Cre/+;Ddx3xflox/flox mice. Higher magnification 

image of the 53BP1 nuclear bodies-positive hepatocytes is shown in the inset. Nuclei (blue) were 

counterstained with DAPI. Percentages of 53BP1 nuclear bodies-positive hepatocytes in controls and 

Alb-Cre/+;Ddx3xflox/flox livers were quantified. N=3 per group. The results were presented as mean ± 

SEM. ***P < 0.001. Scale bar, 100 μm.  
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Supplementary Figure S8. The relative expression levels of DDX3X, H2AX, and DDR factors 

in livers and isolated hepatocytes from Alb-Cre/+;Ddx3xflox/flox mutants and their littermate 

controls. The whole cell lysates and isolated hepatocytes from controls and Alb-Cre/+;Ddx3xflox/flox 

livers at indicated age (age in weeks) were collected and processed for western blot analysis. A, 

Quantitative analysis of the protein levels of DDX3X, H2AX, and DDR factors in livers from 

controls and Alb-Cre/+;Ddx3xflox/flox mutants. Protein levels in liver tissues were normalized to the 

loading control GAPDH, expressed as fold changes relative to 3-week-old control livers (set as 1). 

N=4 per group. Quantitative results were presented as mean ± SEM. B, PCR genotyping of Ddx3x 

alleles in isolated hepatocytes from 6-week-old controls and Alb-Cre/+;Ddx3xflox/flox livers. C, 

Representative images of DDX3X, H2AX, RPA70, pRPA32/RPA32, and Mre11 protein expression 

in isolated hepatocytes from 6-week-old controls and Alb-Cre/+;Ddx3xflox/flox livers by western blot 

analysis were shown. Protein levels in isolated hepatocytes were normalized to the loading control 

-Tubulin, expressed as fold changes relative to 6-week-old control hepatocytes (set as 1). *P < 0.05, 

**P < 0.01, and ***P < 0.001. 
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Supplementary Figure S9. Altered expression of cell cycle regulators in Alb-Cre/+;Ddx3xflox/flox 

livers. Quantitative RT-PCR analysis of cell cycle genes expression in 6-week-old controls and Alb-

Cre/+;Ddx3xflox/flox livers. N=4 per group. The results were presented as mean ± SEM. *P < 0.05 and 

**P < 0.01. 
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Supplementary Figure S10. Alb-Cre/+;Ddx3xflox/flox mice are more susceptible to DEN-induced 

acute liver injury. Controls and Alb-Cre/+;Ddx3xflox/flox mice were injected with a single dose of DEN 

(100 mg/kg body weight) at 10 weeks of age. The sera and livers were collected 1 (1D) and 3 (3D) 

days after injection. A, The serum ALT levels. N5 per group. B, Representative images of liver 

sections stained for cCasp3 (red), Ki67 (red), and H2AX (green) by immunostaining. Nuclei were 

counterstained with hematoxylin and/or DAPI. C, Percentages of cCasp3-, Ki67-, and H2AX-

positive hepatocytes in DEN-treated livers were quantified. N=3 per group. *P < 0.05 and **P < 0.01. 

Scale bar, 200 μm. 
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Supplementary Figure S11. Enhanced apoptosis, compensatory proliferation, and DNA damage 

in Alb-Cre/+;Ddx3xflox/flox livers 1 month after DEN injection. A, Immunohistochemical analysis 

of cCasp3, Ki67, and γH2AX (red) in livers from controls and Alb-Cre/+;Ddx3xflox/flox mice 1 month 

after DEN injection. Nuclei were counterstained with hematoxylin. B, Percentages of cCasp3-, Ki67-, 

and γH2AX-positive hepatocytes in livers from controls and Alb-Cre/+;Ddx3xflox/flox mice were 

quantified. N3 per group. *P<0.05 and **P<0.01. Scale bar, 200 μm. 
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Supplementary Figure S12. The percentages of cCasp3-, Ki67-, H2AX-, 53BP1-, and pATR-

positive cells are significantly increased in tumor samples from DEN-treated controls and Alb-

Cre/+;Ddx3xflox/flox mutants. The liver tissues from tumor-bearing controls and Alb-

Cre/+;Ddx3xflox/flox mice 9 months after DEN injection were processed for immunostaining. A, 

Representative images of cCasp3 (red), Ki67 (red), H2AX (green), 53BP1 (green), and pATR (green) 

immunostaining. The stained cells are shown at higher magnification in the inset. Nuclei were stained 

with hematoxylin and/or DAPI. B, Percentages of cCasp3-, Ki67-, H2AX-, 53BP1-, and pATR-

positive cells in both the non-tumor liver tissues and tumors were quantified. N=3 per group. *P < 

0.05, **P <0.01, and ***P <0.001. Scale bar, 200 μm. 
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Supplementary Figure S13. Expression of cytokines in DEN-treated controls and Alb-

Cre/+;Ddx3xflox/flox livers. The liver sections from controls and Alb-Cre/+;Ddx3xflox/flox 9 months after 

DEN injection were processed for immunostaining. The RNA samples were collected for quantitative 

RT-PCR analysis. Both non-tumor liver tissues and tumors were collected separately from tumor-

bearing mice. A, Immunohistochemical analysis of IL1, TNF, and NF-B (red) in tumors and 

adjacent non-tumor liver tissues from tumor-bearing controls and Alb-Cre/+;Ddx3xflox/flox mice 9 

months after DEN injection. Notably, nuclear localization of NF-B was observed in immune cells 

in liver sections from both controls and Alb-Cre/+;Ddx3xflox/flox mice. The positively stained cells are 

shown at higher magnification in the inset. Nuclei were counterstained with hematoxylin. B, IL1-, 

TNF-, and NF-B-positive cells per field (200x magnification) in tumors and adjacent non-tumor 

liver tissues from controls and Alb-Cre/+;Ddx3xflox/flox mice were quantified. For each sample, at least 

four fields were randomly selected and counted. C, Quantitative RT-PCR analysis of Il1 and 

TnfmRNA levels in livers from controls and Alb-Cre/+;Ddx3xflox/flox mice at indicated age (age in 

months) after DEN injection. N=3 per group. The results were presented as mean ± SEM. Scale bar, 

200 μm. *P < 0.05 and **P < 0.01. 
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Supplementary Figure S14. Age-associated changes in expression of Ddx3x and Ddx3y in 

controls and Alb-Cre/+;Ddx3xflox/Y males. The levels of Ddx3x and Ddx3y in livers from young (6-

week-old) and aged (24- to 27-month-old) controls and Alb-Cre/+;Ddx3xflox/Y males were detected 

by quantitative RT-PCR. N=5 per group. N=2 for tumor from Alb-Cre/+;Ddx3xflox/Y. The results were 

presented as mean ± SEM. Relative fold changes were normalized to 6-week-old controls. ***P < 

0.001. 

 

 

 Supplementary Table S1. Primer sequences used for quantitative RT-PCR and chromatin 

immunoprecipitation (ChIP)-qPCR. 

Primer sequences used for quantitative RT-PCR. 

Gene (Mouse) Primer sequence 

Afp 
F: GCATGCTGCAAAGCTGAC 

R: CCTTTGCAATGGATGCTCTC 

CD133 
F: GCTCGTTTTGGAGCTAC 

R: ATTCTTACAAACCAGAGACTG 

Ddb1 
F: AAGCCGAAGCTTCAATGGT 

R: CCAATGATGATGGCACCTC 

Ddb2 
F: TGGCATCAAGGACAAACCTA 

R: AACTTCAGCCCAGTGATGCT 

Ddx3x 
F: ATATAAGGAAAAACTCAAGTGGTAGCC 

R: ATCCAGAGCCCTAGGTGAGG 

Ddx3y 
F: TGCTAAGTATGATGGTGAATGAACT 

R: GGTTCTAAGTGTCAATGCAGGA 

EpCAM 
F: CAGCTGGACACCGGCATT 

R: TGGACCTGCACCTATAAGACGTT 

Ercc1 
F: AAAGCTGGAGCAGAACTTCCT 

R: TGTTCCAGGGATCCAAATGT 

Ercc4 
F: GCAGAAAATAAGGAGAGCGAAG 

R: ATCGCTTGCACAGATCAGC 



18 
 

Ercc5 
F: AGCACCTGAATGCCCATC 

R: GACTCTTTATGAGTTTGGCATCTTG 

Ercc6 
F: ATGCCAGCCTAGAGGAGGA 

R: GCATGAGCATACTGCCAAGA 

Ercc8 
F: ACACATGTAAAGCAGTGTGTTCC 

R: TCTCCACGCTGTATTTGTGAA 

Hprt 
F: TCCTCCTCAGACCGCTTTT 

R: CCTGGTTCATCATCGCTAATC 

Il1 
F: AGTTGACGGACCCCAAAAG  

R: AGCTGGATGCTCTCATCAGG 

K19 
F: GTCCTACAGATTGACAATGC 

R: CACGCTCTGGATCTGTGACAG 

p15 
F: AATAACTTCCTACGCATTTTCTGC 

R: CCCTTGGCTTCAAGGTGAG 

p21 
F: AACATCTCAGGGCCGAAA 

R: TGCGCTTGGAGTGATAGAAA 

p27 
F: GTTAGCGGAGCAGTGTCCA 

R: TCTGTTCTGTTGGCCCTTTT 

p53 
F: TGAATGGATTCTTGTTGACTTCAT 

R: AGCATTCCAAAGATGCAGGT 

Pcna 
F: CTAGCCATGGGCGTGAAC 

R: GAATACTAGTGCTAAGGTGTCTGCAT 

Sox9 
F: GTACCCGCATCTGCACAAC 

R: CTCCTCCACGAAGGGTCTCT 

Sp1 
F: GCTATAGCAAACACCCCAGGT 

R: TCCACCTGCTGTCTCATCAT 

Tnf 
F: CAGCCTCTTCTCATTCCTGCTTGTG 

R: CTGGAAGACTCCTCCCAGGTATAT 

Xpa 
F: ACGAGATTGGAAACATTGTTCA 

R: CTCTTTCCCGCATTCTTCAC 

Xpc 
F: GGCTGAAACTCCGCTATGG 

R: AGAAGAGAGTCCGCCTCCA 

Gene (Human) Primer sequence 

DDB2 
F: TCAAGGACAAACCCACCTTC 

R: AAACTTCAGCCCAGTGATGC 

DDX3X 
F: GAAGCTACTAGAGGTTTCTAC 

R: TCTCAACATCACTGAAACTTTC 

ERCC6 
F: GATTATTATAAGCAGCGGTTAAGGA 

R: GCATCACTTTCCTCAGAATCG 
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ERCC8 
F: GTTCCAATGGAGAAAACACACTT 

R: CCATATGGTACAAAAACAAATTCTGA 

SP1 
F: CTATAGCAAATGCCCCAGGT 

R: TCCACCTGCTGTGTCATCAT 

XPA 
F: GACACAGGAGGAGGCTTCATT 

R: TCGCATATTACATAATCAAATTCCATA 

Primer sequences used for chromatin immunoprecipitation (ChIP)-qPCR. 

Gene (Mouse) Primer sequence 

Ddb2 
F: ATCTTTGCTCCAGGGAGGTC 

R: CCACAGGTAGCCGAGCTAAG 

Xpa 
F: GGTCAGGGTCAGTTCTGCTG 

R: GGGTTTGTGACCGCATCC 

Gene (Human) Primer sequence 

DDB2 
F: ATCTTTGCTCCAGGGAGGTC 

R: CCACAGGTAGCCGAGCTAAG 

XPA 
F: CTTCTCCCGGATGACAAGAG 

R: GAGGACCTAGCTCCCAGCTC 

 

 

 References  

1. Muzumdar MD, Tasic B, Miyamichi K, Li L, Luo L. A global double-fluorescent Cre reporter 

mouse. Genesis 2007;45:593-605. 

2. Chen CY, Chan CH, Chen CM, Tsai YS, Tsai TY, Wu Lee YH, et al. Targeted inactivation of 

murine Ddx3x: essential roles of Ddx3x in placentation and embryogenesis. Hum Mol Genet 

2016;25:2905-22. 

3. Li HK, Mai RT, Huang HD, Chou CH, Chang YA, Chang YW, et al. DDX3 Represses 

Stemness by Epigenetically Modulating Tumor-suppressive miRNAs in Hepatocellular 

Carcinoma. Sci Rep 2016;6:28637. 

 

 


