
 
 

Supplementary Methods 

 
Study subjects and sample preparation 

All human subjects in this study were unrelated Han Chinese. A total of 43 subjects (RA: healthy control = 25:18) 

at microarray discovery stage, 52 subjects (RA: healthy control = 25:27) for DNA methylation testing and 70 

subjects (RA: healthy control = 35:35) for gene expression testing at validation stage were recruited respectively. 

All RA patients met the 1987 diagnosis criteria of the American College of Rheumatology. The study was 

approved by the ethical committee of Soochow University. The written informed consent was obtained from all 

the subjects. The basic characteristics of all subjects are listed in Supplementary Table S1.  

 

Peripheral blood samples were obtained from RA patients and healthy controls. The peripheral blood 

mononuclear cells (PBMCs) were isolated from 15 ml peripheral blood by density gradient centrifugation using 

Lymphoprep (Sigma, life science, USA) within 4 hours after phlebotomy. Total RNA was isolated from PBMCs 

by standard phenol-chloroform extraction using Trizol reagent (Invitrogen Life Technologies, Carlsbad, USA) 

according to the manufacturer’s instructions, and the concentration was measured by Nanodrop ND-1000 

Spectrophotometers (Thermo Fisher Scientific, Waltham, USA). RNA quality was checked on Bioanalyzer 

Nanochip (Agilent Technologies, Santa Clara, USA). Genomic DNA was isolated using genomic DNA extraction 

kits (Life Technologies, Gaithersburg,USA), and DNA integrity was analyzed by agarose gel electrophoresis. 

 

Genome-wide DNA methylation and expression profiling  

DNA methylation status of whole genome was analyzed using the Illumina HumanMethylation 450KBeadChip 

(Illumina, Inc., San Diego, USA). The array covers 99 % of RefSeq genes and 96% of CpG islands with 

additional coverage in island shores and the regions flanking them. For each sample, 1 μg of genomic DNA 

extracted from PBMCs was bisulfite converted using EZ DNA Methylation kit (ZymoResearch Corp, Orange, 

USA. cat. no. D5004), and utilizing a cyclic denaturation step during the conversion reaction. Four microliters of 

bisulfite-converted DNA were used for hybridization on InfiniumHuman Methylation BeadChip kit. According to 

the IlluminaInfinium HD Methylation protocol, the following steps of experiments were performed, 

whole-genome amplification, end-point fragmentation, precipitation, and resuspension. The resuspended samples 

were hybridized onto Human Methylation 450KBeadChips at 48 °C for 18 hours. Then unhybridized and 

nonspecifically hybridized DNA were washed away, followed by a single nucleotide extension and repeated 



 
 

rounds of staining. Finally, the BeadChip was washed, coated, and scanned. After scanning, the intensities of 

images were extracted using GenomeStudio Methylation module software (Illumina, Inc., San Diego, USA).The 

methylation level for each CpG was scored as a β-value according to the fluorescent intensity ratio. Specifically, 

Illumina’s GenomeStudio® Methylation module version 1.0 was used to calculate the methylation level at each 

CpG as the β-value [β = intensity of the methylated allele (M) / (intensity of the unmethylated allele (U) + 

intensity of the methylated allele (M) + 100)]. Beta-values were then transformed to obtain the log ratio, defined 

as log10β/(1-β)]. The detection P-value for each beta, which represents a statistical test for the difference between 

the signal for a given probe and background (the average for all negative controls).A β value ranges between 0 

(nonmethylated) and 1 (completely methylated). Raw data were extracted, filtered, and normalized using an R 

package (RnBeads).  

 

About 2μg of total RNA extracted from PBMCs was used to profile genome-wide mRNA expression by using 

lncRNA&mRNA Human Gene Expression Microarray V4.0 (CaptialBio Corp, Beijing, China). Total RNA was 

reverse-transcribed, and then the double-stranded cDNAs were synthesized using the CbcScript reverse 

transcriptase with cDNA synthesis system, according to the manufacturer's protocol (CaptialBio Corp, Beijing, 

China). Microarrays were scanned with a confocal LuxScan™scanner (CapitalBio Corp., Beijing, China); 

scanning settings were adjusted across arrays. Raw data was extracted by Agilent Feature Extraction (V10.7) and 

was normalized using GeneSpring GX program (V12.0). The probes with detection rate less than 80% and/or 

incomplete annotation information were filtered. Then, log2 transformation was applied to the data using the 

Adjust Data function of Multi-experiment Viewer (MeV) software. Expression data between RA patients and 

healthy controls was compared by t test without any error correction on the samples. The difference in genes 

expression level was considered statistically significant at P value< 0.05. 

 

DMG detection and ontology analysis 

To identify differentially methylated positions (DMPs), we set two relatively looser standards: (ⅰ) the difference 

in methylation was statistically significant (P<0.05), and (ⅱ) the difference in the average β value was greater 

than 0.05.The 450K BeadChip totally contains 485,577 CpGs, including 484,770 that were measured for all 

samples. After firstly excluding the CpG sites on sex chromosomes, 473,368 autosomal probes were left. Then, 

25,115 probes with significant difference (P < 0.05) were filtered out. Among the 25,115 CpGs, a total of 1,046 

CpGs, with an absolute ∆β> 0.05, were retained as DMPs.  



 
 

Based on the defined DMPs, hierarchical clustering was performed using Cluster 3.0 and Java TreeView software. 

DMPs located in the gene region were assigned to the corresponding genes, which were defined as DMGs. Gene 

Ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses 

were conducted for DMGs with DAVID online analysis (https://david.ncifcrf.gov/). 

 

Integrative analysis with methylation data and gene expression data 

To determine whether the methylation level was associated with gene expression, we extracted mRNA data from 

genome-wide mRNA expression profile based on same annotated gene symbol with DMGs, then conducted the 

correlation test using PASW Statistics 18.0. For those genes with significant correlation, the mRNA expression 

levels between RA patients and healthy controls were compared by Student's t-test.  

 

The relationship of methylation, mRNA and RA were assessed by performing the Causal Inference Test (CIT)1. A 

total of 36 methylation-mRNA pairs (involving81 DMPs)with Pearson correlation coefficients (PCC) <−0.4 

or >0.4 were selected to carry out CIT. Briefly, the following four conditions must be met simultaneously for 

causal inference of the methylation-mRNA-RA chain: step1) DNA methylation is associated with RA after 

adjusting for age, step 2) DNA methylation is associated with mRNA after adjusting for age and RA, step 3) 

mRNA is associated with RA after adjusting for age and DNA methylation, and step 4) DNA methylation is 

independent of RA after adjusting for age and mRNA. The multivariate linear regression was used in the four 

component tests. The significant threshold was P value less than 0.05for steps 1-3 and P greater than 0.05for step 

4. 

 

DMG regulatory network construction and identification 

To explore regulatory function of DMGs, we predicted protein-protein interactions between DMGs using 

STRING (http://string-db.org). Another way for DMG regulatory network construction was to input β values of 

81 DMPs and the paired mRNA data of 67 corresponding genes into Cytoscape3.2.1 to find the DMGs 

co-expression relationship. The correlation coefficient of co-expression was set as > 0.7. 

 

Validation of differential methylation and mRNA expression for DMGs of interest 

Focused on identified regulatory network, we selected ten DMGs, PARP9, IFI44L, MX1, ISG15, FAM8A1, 

STK17A, BLK, CNPY1, CBX7and SLC7A14 to validate differential methylation and differential gene expression in 



 
 

two additional samples, respectively. These selected DMGs met the following criteria: (ⅰ) the DMP was located 

in promoter region, (ⅱ) the methylation level of DMP was significantly correlated with gene expression, (ⅲ) the 

CpG dinucleotide content in 300bpup-anddown- stream regions around the DMP was rich (e.g. there are more 

than three CpG sites exist in the target region), and (ⅳ) genes in the identified regulatory network was prioritized. 

 

Targeted bisulfite sequencing was used to validate the DMPs. Primer design and optimization was performed by 

GeneSky Corporation (Shanghai, China). The primers were designed to flank each targeted CpG site and span 

100-300 bp. The information of target region and primers was summarized in the S-Table 1 and S-Table 2. 

Following primer validation, study specimen DNA was bisulfite converted using the EZ DNA Methylation-Gold 

Kit (ZYMO, CA, USA). Samples were amplified, barcoded and sequenced (MiSeq, Illumina, Inc., San Diego, 

USA) using the paired-end sequencing protocol according to the manufacturer’s guidelines. Of note, although we 

designed primers toward CNPY1, it was failed to have testing results of this gene.  

 

Quantitative real-time PCR (qRT-PCR) was used to validate the differential expression for the above ten selected 

DMGs. Total RNA from PBMCs was isolated using Trizol reagent according to the instructions recommended by 

the manufacture, and reverse transcribed. The reverse transcription was in a total volume of 20 μl, which 

contained 1μl oligodT (100μM), RNase free water 11μl, 25mM each dNTPs 0.4μl, recombinant Rnase inhibitor 

0.5μl, M-MLV 0.5μl, 5× M-MLV buffer 4μl and RNase free water 2.6μl, and took place under the conditions of 

42 °C for 60 min, 85 °C for 5 min, and 4 °C forever. The cDNA served as template for amplification by qPCR 

using SYBR Green assays. The assay was performed by using a SYBR Green MasterMix kit in a volume of 

10μlwhich contained 0.2×cDNA 1μl, 2×SYBR master mix 5μl and 0.625mM each primer 4μl. The cDNA 

amplification were monitored using Roche light cycler 480IIunder 1 cycle pre-degeneration of 95°C for 10 min, 

40 cycles of 95 °C for 10s and 60 °C for 20s. This assay was carried out in triplicate for each sample, including a 

no-template control. The relative quantity (RQ) of the gene expression in each sample was calculated by 

normalizing to house-keeping gene B2M. 

 



 
 

 

S-Table 1. Target regions for bisulfate sequencing at validation stage 

Product CHR Gene mRNA Initial code Position Start End Strand Distance to Initiation Codon 

BLK_1 8 BLK NM_001715 11400733 11351509 11351722 + -49224 

BLK_2 8 BLK NM_001715 11400733 11351801 11351981 + -48932 

CBX7_1 22 CBX7 NM_175709 39548449 39548531 39548751 + 82 

CNPY1_1 7 CNPY1 NM_001103176 155301732 155301982 155301699 - -250 

FAM8A1_1 6 FAM8A1 NM_016255 17600640 17601072 17600797 - -432 

FAM8A1_2 6 FAM8A1 NM_016255 17600640 17600912 17600717 - -272 

FAM8A1_3 6 FAM8A1 NM_016255 17600640 17600566 17600711 + -74 

IFI44L_1 1 IFI44L NM_006820 79093600 79085330 79085052 - 8270 

ISG15_1 1 ISG15 NM_005101 948953 949356 949560 + 403 

ISG15_2 1 ISG15 NM_005101 948953 949571 949766 + 618 

MX1_1 21 MX1 NM_002462 42803997 42797767 42797980 + -6230 

MX1_2 21 MX1 NM_002462 42803997 42798075 42798260 + -5922 

PARP9_1 3 PARP9 NM_001146103 122278467 122282044 122281771 - -3577 

SLC7A14_1 3 SLC7A14 NM_020949 170244725 170304077 170303843 - -59352 

SLC7A14_2 3 SLC7A14 NM_020949 170244725 170303958 170303723 - -59233 

STK17A_1 7 STK17A NM_004760 43622842 43622510 43622741 + -332 

STK17A_2 7 STK17A NM_004760 43622842 43622428 43622166 - 414 



 
 

 

S-Table 2.The primers designed for targeted bisulfate sequencing 

Primer Name Sequence 

PARP9_1F GGTTTTAAGTAGGGAAAGTAAGAAAATG 

PARP9_1R CACAAAAACTAATATATCAATAAAACAAATTC 

IFI44L_1F GGGGTATTTGTAAAAGGTTTGTTAG 

IFI44L_1R CATTCAATTTTAATATACCATTCCTCTACTT 

MX1_1F TTGGTGTTGGGATTATTTTAGTGAG 

MX1_1R AACCCAAACCTACTAAATCAAATACTC 

MX1_2F GTTTTTAGTATAGGGTTTGTGAGTTTTATT 

MX1_2R CRCTCTCCCAATACCCTTCTCC 

ISG15_1F GTTTGTAGGGTTGGGATTTGA 

ISG15_1R AAACCCAAACCCTAACTAACAAAA 

ISG15_2F GTTTTGTTGGTGGTGGATAAATG 

ISG15_2R AAAACTAATCCTCCAAAAACTTCC 

STK17A_1F GTTTAGGATTTYGYGGGAGTTTAG 

STK17A_1R AACACCCRCTCTCCCCAAC 

STK17A_2F TATAGTATTATTTTTTGGTTAGGATAGTTTATTG 

STK17A_2R CTCTACCTCCAAACCCCTCTC 

BLK_1F GTTGTTTTGGTGTATATAGATGGTATATGG 

BLK_1R TAAATCACAATACCCTTCTATCACCA 

BLK_2F AATTTAGGGAGTTTATAGGAGTTTTAGAAG 

BLK_2R CCAAATAAATTCTTCTCATCTCAATC 

CNPY1_1F GTAATGATGTAAAGTAGGTYGTTGTTATATTG 

CNPY1_1R TCACAAAATCTTCCTCAAACTTATAATC 

CBX7_1F GGGGTTGGYGGGGTTTT 

CBX7_1R CRAAAACRAAACTAACCCTCAAAAC 

SLC7A14_1F GGAGGTTATAATTGGAGGTTTAGAAG 

SLC7A14_1R CAACTCCTCAATTATTCAAATTAAACC 



 
 

SLC7A14_2F GGTTGGGTAGGTTATGTGATTTTA 

SLC7A14_2R AACTAACTACCAAAACTAATAACTAACAATCC 

FAM8A1_1F GGGGTTGTAGTAGGTTGGGAAG 

FAM8A1_1R CCCACAACCCCRAACCTC 

FAM8A1_2F GTTTGTTTTTGTAGTTTTGTATTGGAGT 

FAM8A1_2R CTTCCCTAAAAAACCCTCCTACC 

FAM8A1_3F GTTGTTGGGGAGGGGTTATT 

FAM8A1_3R AACTCRTAATCCCCTCCRCCAT 

 

Validation of the methylation-expression correlation for PARP9 in Jurkat cell in vitro 

Jurkat cells (1 × 106) were seeded into 100-mm dishes and allowed to grow overnight. The culture 

medium was then replaced with fresh medium containing 5-Aza (Sangon Biotech, Shanghai, 

China) at a final concentration of 1μmol/L, 5μmol/L and 10μmol/L, respectively. Cells were 

allowed to grow for 72 h with the 5-Aza-containing medium changed every 24 h. One half of cells 

were then harvested for RNA and DNA extraction, and the left cells were cultured for another 72h 

with 5-Aza-free medium changed every 24h. At the time-point of 24h, 48h and 72h, the 

5-Aza-free cultured cells were harvested for RNA and DNA extraction. The methylation status of 

specific DMPs were detected by using targeted bisulfite sequencing(described as above) and the 

mRNA expression level of PARP9 were detected by using qRT-PCR (described as above), 

respectively. The methylation level and mRNA expression level from the same time point were 

matched into a pair. Finally, 34 eligible pairs (having both methylation and mRNA expression 

data) were involved in final Spearman correlation test using PASW Statistics 18.0. The results of 

correlation tests were shown in S-Table 3. 

S-Table 3.The methylation-expression correlation for PARP9 in Jurkat cell 

DMP  
Probe in 

450K 

Methylaiton(bet

a) 

mRN

A 

Spearman 

Correlation 

Coefficient 

P 

value 

Chr3:122281975 cg00959259 0.525±0.263 
9.391±

0.383 

0.328 0.058

Chr3:122281939 cg08122652 0.578±0.264 0.356 0.039

Chr3:122281881 cg22930808 0.538±0.272 0.350 0.043

Note: The mRNA expression value of PARP9 used in correlation analysis is the ∆CT (internal 



 
 

reference gene: B2M). The smaller the ∆CT, the higher the mRNA expression level. So the 

positive correlation coefficients mean the negative correlations between the methylation level and 

mRNA expression level. 

 

Validation of the methylation-expression correlation for PARP9 in T lymphocytes in vivo 

Human primary T lymphocytes isolation  

Peripheral blood (10 mL) was obtained from seven newly recruited patients with active 

rheumatoid arthritis (average DAS28=5.28±1.33). PBMCs were purified by density gradient 

centrifugation over Ficoll-Paque (Lymphoprep, density: 1.077g/ml, STEMCELL Technologies, 

Vancouver, Canada). Then, T lymphocytes were isolated using the EasySep Human Whole Blood 

CD3 Positive Selection Kit (STEMCELL Technologies, Vancouver, Canada) according to the 

manufacturer’s recommendations. Briefly, EasySep Human CD3 Positive Selection Cocktail and 

EasySep magnetic nanoparticles were used to label CD3+ cells in PBMCs. Labeled CD3+ cells 

were harvested when passing through a magnetic field. CD3+ cells were divided into two fractions 

equally. One fraction was used to extract DNA and RNA directly. The other fraction was allowed 

to adhere to 12-well culture plates in RPMI 1640 medium (Gibco; Thermo Fisher Scientific, Inc., 

Waltham, MA, USA) supplemented with 10% FBS and 1.0 um/L 5-aza-29-deoxycytidine 

(5-azadCyd, to inhibit DNA methylation). After 24-hours culture, CD3+ T lymphocytes were 

harvested for DNA and RNA extractions.  

 

Genomic DNA was isolated from CD3+ T lymphocytes using the DNeasy blood and tissue kit 

(QIAGEN, Hilden, Germany). DNA methylation was measured by the pyrosequencing technology 

which combines sodium bisulfite DNA conversion, polymerase chain reaction (PCR) 

amplification and sequencing by synthesis assay. To convert unmethylated cytosines to uracil, 250 

ng of genomic DNA from the CD3+ T lymphocytes was subjected to bisulphite modification by 

using the EpiTect Bisulfite Kit (QIAGEN, Hilden, Germany) according to the manufacturer's 

protocol. Bisulfite converted DNA was further amplified by PCR using the PyroMark PCR kit 

(QIAGEN, Hilden, Germany). PCR was performed under the following conditions: initial 

incubation 95 °C for 15 min, then 50 cycles of 94 °C for 30 s, 58 °C for 30 s and 72 °C for 30 s for 

the PARP9 gene. Subsequently, the biotin-labeled PCR product was captured by Streptavidin 



 
 

Sepharose High Performance Beads (GE Healthcare, Pittsburgh, PA). Specifically, 70 μl of 

binding buffer containing 1.0 μl streptavidin-coated sepharose beads was added to 10 μl of PCR 

product, and the PCR plate was agitated at room temperature for 5-10 minutes at 1400 rpm to keep 

the beads dispersed. Then, the biotinylated amplicon was purified and denatured using PyroMark 

Q24 Vacuum Workstation. After completion of primer annealing, pyrosequencing was performed 

on the PyroMark Q24 platform (QIAGEN, Hilden, Germany) using the PyroMark Gold Q24 

reagents. The sequencing results were analyzed using the PyroMark Q24 software (QIAGEN, 

Hilden, Germany). 

 

The mRNA expression level of PARP9 was detected by using qRT-PCR using the primers 

(Forward: GATATGCTTTGTAAAGTACAGGAGG; Reverse: 

AATAGTCCACTGTCCTAACGAG). The Spearman correlation test was performed for 9 

available pairs of DNA methylation level and matched mRNA expression level (∆CT values from 

qRT-PCR) in T lymphocytes using PASW Statistics 18.0. The results of correlation analyses were 

shown in S-Table 4. 

S-Table 4. The methylation-expression correlation for PARP9 in T cells in vivo 

DMP  Probe in 450K Spearman Correlation 

Coefficient 

P value 

Chr3:122281975 cg00959259 0.752 0.019 

Chr3:122281939 cg08122652 0.451 >0.05 

Note: The mRNA expression value of PARP9 used in correlation analysis is the ∆CT (internal 

reference gene: GAPDH). The smaller the ∆CT, the higher the mRNA expression level. So the 

positive correlation coefficients mean the negative correlations between the methylation level and 

mRNA expression level. Because the length of DNA pyrosequencing is around 50bp, we selected 

only two DMPs (cg00959259 and cg08122652) (36 bp length) for the validation.   

 

Biological exploration of PARP9 function in RA 

To evaluate the effects of PARP9 on cell biological behaviors and to better understand it roles in 

RA, we constructed Jurkat cell lines with PARP9 stable over-expression (OE) and 

down-expression by using lentiviruses. Jurkat cells were grown in DMEM supplemented with 10% 

FBS, 1% L-glutamine and 1% streptomycin. Briefly, targeted primer were designed, synthesized 



 
 

and then connected with over-expression CMV-MCS-3Flag-PGK-Puro vector (Shanghai 

Genomeditech Co., Ltd., Shanghai, China) and knockdown expression pGMLV-SC5 lentiviral 

vector2 (Shanghai Genomeditech Co., Ltd., Shanghai, China). The product was transferred to the 

prepared competent cells and was sequenced.  

 

Successfully constructed plasmids were transfected to Jurkat cells after dissolving in TE buffer 

free of serum, proteins, and antibiotics, mixing with HG transgene reagent by pipetting, and 

incubation at room temperature for 15 min. Then, the cells were incubated for 48h at 37°C. The 

transfection efficiency was assessed by RT-PCR, as well as Western Blot according to standard 

protocols. The full-length complementary DNA of human PARP9 was synthesized by 

Genomeditech. The shRNA of human PARP9 was provided by GenePharma. After screening, the 

PARP9 shRNA target GCAGGAGTTGAAATGAAATCG was proved to have the strongest 

interference effect, compared with the other three designed shRNA. Target Sequence of 

PARP9-shRNA(SH)-NC was TTCTCCGAACGTGTCACGT. Primers for over-expression of 

PARP9 were: CCGCTCGAGGCCACCATGGACTTTTCCATGGTGGCC (forward) and 

ATTATGGGCCCATATCAACAGGGCTGCCACTTGC (reverse). For RT-PCR, the sequences 

of primers were:    GCAAAGAGGTCCAAGATGCTG (forward, PARP9) and 

GCCTCACACATCTCTTCCACGT (reverse, PARP9); GTCTCCTCTGACTTCAACAGCG 

(forward, GAPDH) and ACCACCCTGTTGCTGTAGCCAA (reverse, GAPDH). For Western 

Blotting, anti-PARP9 antibody (ab53769, Abcam, UK) and anti-β-actin (ab8226, Abcam, UK) 

were equally loaded. PARP9-OE-NC was the over-expressed negative control with an empty 

plasmid inserted (CMV-MCS-3Flag-PGK-Puro). PARP9-SH-NC was the knock-down negative 

control with an empty plasmid inserted (pGMLV-SC5). 

 

Cell viability was confirmed with CCK8 assays. For cell proliferation test, 5.0×105 PARP9-OE 

(over-expression), PARP9-OE-NC (down-expression negative control), PARP9-SH 

(down-expression) and PARP9-SH-NC (down-expression negative control) cells at the 

logarithmic growth phase were inoculated onto 96-well plates and cultured for 0h, 24h, 48h and 

72h. After incubation, 10μl of CCK8 solution was added to each well and incubated at 37°C for 

4h. The absorbance at the wavelength of 450 nm (A450) reflected the number of surviving cells. 



 
 

The experiments in each group were repeated three times. 

 

For cell-cycle assay, PARP9-OE, PARP9-OE-NC, PARP9-SH and PARP9-SH-NC cells were 

labeled with propidium iodide (PI) (Sigma) using a Cell Cycle Assays Kit (Beyotime Ltd., 

Shanghai, China) according to the recommended protocol. Briefly, cells were harvested, washed 

twice with cold PBS and fixed with ice-cold 70% ethanol for 2h at a density of 1×105 cells/ml. 

The fixed cells were subsequently treated with 200μg/ml ribonuclease for 30 min at 37°C. And 

then PI was added to the cells at a final concentration of 50μg/ml. The DNA content was 

quantified by flow cytometry with an excitation wavelength of 488 nm and an emission 

wavelength of 625 nm. The data were analyzed using BD Accuri C6 software on 10,000 events.  

 

Represent active inflammatory factors, including IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, TNF-α, and 

IFN-γ, were detected at mRNA expression level in PARP9-OE, PARP9-OE-NC, PARP9-SH, and 

PARP9-SH-NC cells using RT-PCR. Human GAPDH was detected as internal control. Real-time 

PCR was performed on a Line gene Real-time PCR detection system (Bioer Technology, China). 

qPCR reactions of each gene were run in triplicate. Data were analyzed using the 2-△△CT method. 

The sequence of primers in RT-PCR was showed in S-Table 5. Among these tested cytokines, 

only IL-2 has consistent expression direction, i.e., IL-2 was higher in PARP9-OE but much lower 

in PARP9-SH, as compared with negative controls. To further confirm our findings, we conducted 

the second qRT-PCR test toward cytokine IL-2 in phytohemagglutinin (PHA)–stimulated 

PARP9-OE, PARP9-OE-NC, PARP9-SH and PARP9-SH-NC cells. 5.0×105 PARP9-OE, 

PARP9-OE-NC, PARP9-SH and PARP9-SH-NC cells at the logarithmic growth phase were 

seeded in 96-well plates and treated with 5µg/ml PHA or absence. After incubation for 24h, total 

RNA was isolated using Trizol reagent according to the instructions recommended by the 

manufacture. Then, the mRNA expression level of IL-2 and PARP9 were tested using RT-PCR as 

described above. The experiments in each group were repeated three times. The expression level 

of PARP9 with PHA stimulation was shown in Supplementary Figure S8. 

 

 

 



 
 

 

S-Table 5. The primers used in RT-PCR. 

Primer Sequence(5'to3') 

IL-1β forward ATGGCAGAAGTACCTAAGCTCGC 

IL-1β reverse ACACAAATTGCATGGTGAAGTCAGTT 

IL-2 forward CATTGCACTAAGTCTTGCACTTGTCA 

IL-2 reverse CGTTGATATTGCTGATTAAGTCCCTG 

IL-4 forward CGGCAACTTTGACCACGGACACAAGTGCGATA 

IL-4 reverse ACGTACTCTGGTTGGCTTCCTTCACAGGACAG 

IL-6 forward ATGAACTCCTTCTCCACAAGCGC 

IL-6 reverse GAAGAGCCCTCAGGCTGGACTG 

IL-8 forward ATGACTTCCAAGCTGGCCGTGGCT 

IL-8 reverse TCTCAGCCCTCTTCAAAAACTTCTC 

IL-10 forward AAGCTGAGAACCAAGACCCAGACATCAAGGCG 

IL-10 reverse AGCTATCCCAGAGCCCCAGATCCGATTTTGG 

TNF-α forward GGCTCCAGGCGGTGCTTGTTC 

TNF-α reverse AGACGGCGATGCGGCTGATG 

IFN-γ  forward GCATCGTTTTGGGTTCTCTTGGCTGTTACTGC 

IFN-γ  reverse CTCCTTTTTCGCTTCCCTGTTTTAGCTGCTGG 

GAPDH forward GAAGGTGAAGGTCGGAGT 

GAPDH reverse CTTCTACCACTACCCTAAAG 

 

For cell activation test, 5.0×105 PARP9-OE, PARP9-OE-NC, PARP9-SH and PARP9-SH-NC 

cells at the logarithmic growth phase were seeded in 96-well plates and treated with 5 µg/ml PHA 

or absence. After incubation for 24h at 37°C, cells were harvested, washed twice with cold PBS 

and fixed in 1% paraformaldehyde, washed with PBS and then incubated with allophycocyanin 

(APC)-conjugated mouse anti-human CD69 mAb for 30 min at 4°C protected from light. Finally, 

cells were washed, resuspended in a staining buffer (PBS containing 1% BSA). CD69 expression 

was analyzed using a FACScalibur flow cytometer (Becton Dickinson) and FlowJo (Ashland, OR) 



 
 

software on 10,000 events. The experiments in each group were repeated three times. 
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