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Supplemental Results

Differentially methylated regions (DMRs) were enriched in specific genomic

regions

In contrast, both hyper- and hypo-methylated DMRs had a significant depletion in long
interspersed nuclear elements (LINES) for both cell lines and the p-value for the enrichment is
the lowest among all the genomic regions (Fisher’s exact test; P<2.20E-16, hyper-methylated
DMRs, MT-2 cell line; P=<2.20E-16, hypo-methylated DMRs, MT-2 cell line; P=8.19E-16,
hyper-methylated DMRs, Jurkat cell line; P<2.20E-16, hypo-methylated DMRs, Jurkat cell
line). When comparing hyper- with hypo-methylated DMR, we found in pseudo
region were more enriched in hyper- than hypo-methylated DMRs (Fisher’s exact test,

P=9.59E-03, MT-2 cell line; P=2.26E-04, Jurkat cell line).

Alternative splicing in HIV infected T cells

Then we moved to investigate the alternative splicing of transcript during HIV infection. In
Jurkat cell line, we identified 282 genes that contained differentially expressed exons on their
transcripts, among which only 23 and 87 showed significant upregulation and downregulation,
respectively, in gene expression, suggesting that the remaining 172 genes (172=282-23-87)
were alternative spliced genes without expression changes. To further investigate the affected
cellular functions, we used these 282 genes to perform functional enrichment analysis and

found that “apoptotic process” was enriched (p =2.20E-03, S16 Table). These results suggested
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the alternative splicing as an additional mechanism that may contribute to the T cell apoptosis
during HIV+ infection. Genes related to this biological process included FAM3B, PLAGL1,
LGALS1, GADD45G and NR4A1, which not only contained differentially expressed exons,
but also showed lower expression by more than 5 folds at the whole gene levels in HIV+ Jurkat
cell Line. Specifically, PLAGL1, also had hyper-methylated DMRs located in its promoter
region in HIV infected sample, which indicated the potential regulation between DNA
methylation and transcription on this particular gene. Notably, PLAGL1 can act as a growth
suppressor and apoptotic process regulator. Moreover, alternative splicing on the 5’-UTR of
PLAGL1 was found in peripheral blood leucocyte and expression of this gene was closely
associated with a CpG island on promoter region [28]. LGALS1, which codes for a protein that
is important in cell to cell adhesion, is a strong inducer of T-cell apoptosis. In our study,
LGALS1 was downregulated by 15.6 folds at the gene level following HIV-1 infection and was
alternatively spliced, where only two transcripts (in red box) were upregulated and the other

transcripts were downregulated after infection by HIV-1 (Additional file 1: Fig S7).

Detailed description and discussion of proposed candidate genes

Regarding the candidate genes related to apoptosis we proposed for further research
(Table 2), for MT-2 cell line, APP contained hypo-methylated DMR in gene body and
was downregulated by 18.5 folds. CD38 contained hyper-DMR in gene body and was
upregulated by 5.24 folds. Increased CD38 expression in T lymphocytes is a marker of

HIV dissemination into the central nervous system [1]. SMAD3 contained hypo-



methylated DMR in gene body and was downregulated by 7.55 folds. SMAD3 was
reported to regulate MCP-1 gene transcription with HIV-1 Tat in human glial cells [2].
Activation of SMAD3 could promote HIPK2-induced cell apoptosis in kidney fibrosis
[3]. Our study first reported the correlation between gene body DNA methylation and
gene expression of SMAD3 after HIV infection. MGMT contained hyper-methylated
DMR in gene body and was upregulated (FPKM of MGMT was 77 and O respectively
in HIV-infected and uninfected samples). MGMT and DAPK were both reported to be
hyper-methylated in lymphomagenesis of immunodeficient hosts [4]. HIPK2 contained
hypo-methylated DMR in gene body and was downregulated by 20.1 folds. HIV-1 had
been reported to induce HIPK2 expression in kidney cells. HIV infection increased the
protein concentrations of HIPK2 by promoting oxidative stress, which inhibited the
seven in absentia homolog 1 (SIAH1)-mediated proteasomal degradation of HIPK2 [5].
LEF1 contained hyper-methylated DMR in gene body and upregulated in terms of gene
expression by 32.8 folds. For GATA3, we identified one DMR significantly hypo-
methylated in HIV infected sample near the transcription start site and found that
expression level of GATA3 was significantly increased by 13.8 folds. GATAS is one of
the important targets of HIV-1 replication often expressed in T lymphocytes. IL-4+
phenotype was closely related with the expression of GATA3 in HIV-schistosome co-
infected mice[6]. As for the other genes that were selected in MT-2 cell line, LGALS3
contained hyper-methylated DMR in promoter and was surprisingly downregulated by
202 folds. Partially consistent with our data, a previous study reported downregulation
of Galectin-3 was observed in HIV-infected human oral epithelial cells [7]. In addition,
LGALS3 was reported to facilitate HIV-1 budding via Alix and was also identified as
one of the Th17-specifc HIV dependency factors by a meta-analysis [8, 9]. In our data,

LGALS3 was downregulated and contained a hyper-methylated DMR in HIV-1 infected
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MT-2 cell, suggesting that T cell might be combating with HIV to avoid cell death. To
our best knowledge, there is no previous study that has reported the observation of DNA
methylation regulation on promoter region of LGALS3 in HIV infected T cells.
CDKN2A contained hypo-methylated DMR in gene body and was downregulated. A
case-control study in South Africa reported that telomere length and CDKN2A
expression were both consistent with increased biological ageing in HIV-infected
individuals [10]. PDX1 contained hyper-methylated DMR in promoter and was
downregulated (The expression level in 42.25 in control cell and 0 in HIV* cell). TRAF1
contained hyper-methylated DMR in promoter region and was downregulated by 18
folds. TRAF1 expression negatively correlates with programmed death expression and
HIV load, and knockdown of TRAF1 in CD8 T cells from viral controllers resulted in
decreased HIV suppression ex vivo [11]. Therefore, TRAF1, a potent co-stimulator of
immunological responses, could be an attractive candidate for immunotherapy of AIDS.
RYR2 contained hypo-methylated DMR in gene body and was downregulated by 20.1
folds. It has been demonstrated that Snapin, a positive regulator of stimulation- induced
Ca=release through RyR, is necessary for HIV-1 replication in T cells [12]. NLRP3 was

hypo-methylated in gene body and downregulated in HIV+ MT-2 cell. Notably, the effect of
DNA. HIV-1 had been reported to induce the expression of NLRP3 and IL-1p in healthy
controls and initiate activation of the NLRP3 inflammasome in monocyte-derived macrophages

[13].

For Jurkat cell line, several well-known apoptosis-related overlapped genes between
DEGs and DMGs were also selected for further analysis. They have negatively

correlated relationships between gene expression and promoter DNA methylation, or



positive correlated relationships between gene expression and gene body DNA
methylation. Several well-known apoptosis-related genes were shared by both MT-2
and Jurkat cell lines: APP (hypo-methylated DMR in gene body and was
downregulated by 24.3 folds), CD38 (hyper-methylated DMR in gene body and was
upregulated by 4.2 folds), SMAD3 (hyper-methylated DMR in promoter, hypo-
methylated DMR in gene body and was downregulated by 5.5 folds), MGMT (hyper-
methylated DMR in gene body and was upregulated by 54 folds), HIPK2 (hypo-
methylated DMR in gene body and was downregulated by 14.9 folds), LEF1 (contain
hypo-methylated DMR in promoter and was upregulated by 33.2 folds), and GATA3
(hypo-methylated DMR in promoter and was upregulated by 17.9 folds). The
methylation effect on APP was confirmed by demethylated agent 5azaC. PDX1
contained hyper-methylated DMR in promoter and was downregulated by 366.7 folds.
PDX1, an islet transcription factor, could be fused with protein transduction domains
to facilitate the entry into cells. The methylation and expression regulations of this
gene during HIV infection so far have not been reported. RYR2 contained hypo-
methylated DMR in gene body and was downregulated. In addition to the genes
described above, many other possible apoptosis related genes also showed correlation
between DNA methylation on promoter and gene expression. For example, TBX3,
CPT1A and NTRK2 also have potential to be involved in the process of HIV infection
of T cell in the context of their changes in both gene expression and DNA methylation
validated in this study. These genes would be worth undergoing further investigations.

These genes would be worth undergoing further investigations.
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