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Abstract

There are individuals naturally resistant to HIV. To identify anti-HIV genes and
regulatory networks that enable the native ability to resist HIV, we reanalyzed the
transcriptome of HIV resistant and susceptible individuals based on previous efforts,
and performed regulatory network prediction using HIV-infection related DNA
methylation, miRNA and Chip-SEQ data. We totally found 25 potential anti-HIV genes
and 23 of them are newly identified. They are enriched in pathways of immunity,
neurological system and cell signaling. 4 anti-HIV genes show DNA hypermethylation
signatures and 4 are possibly bounded by the HIV-1 Trans-Activator of Transcription
protein (Tat). We found a potential HIV-resistance correlated miRNA
hsa-miR-3074-5p possibly regulating an anti-HIV hub gene JUN. Our findings provide

novel insights for AIDS treatments and approaches to HIV vaccine design.
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Introduction

The acquired immunodeficiency syndrome, AIDS [1], as an epidemic and pandemic
disease, has caused 33 million reported deaths in recent 40 years, after the first
identification of HIV, the human immunodeficiency virus [2]. Global statistics show
that there are 38 million HIV infections, 1.7 million new infections and 690 thousands
AIDS-related confirmed deaths in 2019 [3]. HIV/AIDS remains a serious threat to
human health. As a retrovirus and a lentivirus, HIV has two subtypes, HIV-1 and
HIV-2. Compare to HIV-2, HIV-1 is more infectious and aggressive. HIV targets and
destroys human CD4+ T cells [4-6], disrupting the human immune system and
rendering it susceptible to exogenous infectious diseases, such as tuberculosis, [7]
and tumors [8]. Until now, there is still no effective medicine to radically cure AIDS
nor vaccine to prevent HIV infection [9]. A major treatment against AIDS is the highly
active antiretroviral therapy (HAART), which jointly uses three or more antivirus
medicines to prevent the replication of HIV virus [10]. This therapy can reduce the
virus load (VL) in plasma to a small level, usually undetectable by normal HIV
detection methods. However, the virus load will bounce from hidden infected cells if
the therapy is terminated [11]. HAART cannot radically cure AIDS. Currently
developed HIV vaccines, such as RV144 [12], are capable of preventing the infection
of HIV to some extent but are far from effective. The obstacles are the fast mutation
of HIV populations [13] and the lack of the understanding of the complex interaction
between HIV and human immune system.

With the spread of HIV around the world, it is observed that some individuals are
naturally resistant to HIV. Some Caucasian populations have a high frequency allele in
CCRS5, because of which they are reported to have native immunity to HIV [14-16].
Moreover, in Kenya, Africa, some sex workers are found to be naturally resistant to
HIV infection [17, 18]. Previous efforts with comparative proteome analysis of the
HIV-resistant individuals and HIV-negative controls have already identified several
anti-proteases. The expressions of these anti-proteases are relatively high in

HIV-resistant individuals [19, 20]. These anti-proteases are also validated to play a
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role in the process of HIV-infection [19]. In spite of these efforts, the genomic data of
HIV-resistant individuals/populations and related analysis have not been publicly
reported to date. Understanding the molecular mechanism of resistance to HIV
infection in this population under continued exposure should be important for
medicine/vaccine development to prevent HIV infection and to cure AIDS.

With the development of next-generation sequencing technology, more HIV/AIDS
related big data are generated [21], such as DNA methylation [22] and ChIP-Seq [23]
data. Integrated analysis of multiple data may give new results. For example, a
re-analysis of gene expression and methylation regulation in glioblastoma identified
an eight-gene signature, which is of prognostic value for glioblastoma patients [24].
Following previous efforts [25-28], we collected and jointly analyzed HIV related
transcriptomic, epigenomic and proteomic data. In this manuscript, we will show
newly identified anti-HIV genes, HIV-resistance pathways, regulatory networks and

related potential clinical biomarkers.
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Materials and methods

Microarray and ChiP-Seq data

We downloaded the microarray data (GSE33580, GSE29429, GSE14278, GSE73968),
miRNA data (GSE103555), DNA-methylation data (GSE67705) and ChIP-Seq data
(GSE30738) from the GEO database of NCBI. GSE33580 includes 43 HIV-resistant and
43 healthy-control Kenya people’s blood samples. GSE29429 includes 30 HIV-infected
and 17 healthy African people’s blood samples. The experiment is performed in the
platform GPL10558, lllumina HumanHT-12 V4.0 expression beadchip. GSE14278
includes 9 HIV-resistant and 9 normal Kenya people’s CD4+T cell samples. GSE73968
includes 3 HIV-infected patients’ naive CD4+T cell samples, 3 healthy people’s naive
CD4+T cell samples, 3 HIV-infected patients’ central memory CD4+T cell samples and
3 healthy patients’ central memory CD4+T cell samples. The experiment is performed
in the platform GPL6244, Affymetrix Human Gene 1.0 ST Array. The platform for
GSE33580 and GSE14278 are both GPL570, Affymetrix Human Genome U133 Plus 2.0

Array.

For miRNA data, GSE103555 {Platform GPL18058) includes 10 new HIV-infected cases
and 10 old HiV-infected cases and 10 healthy controls. GSE67705 is a
DNA-methylation data. It includes 142 chronic HIV-infected patients’ and 44 healthy
people’s blood samples. It is performed in the platform GPL13534, Illumina
HumanMethylation450 BeadChip. GSE30738 is a ChlIP-Seq data, showing the
genome-wide binding map of HIV-1 Trans-Activator of Transcription (Tat) to the
human genome in Jurkat T cells (Jurkat-Tat cells). It includes ChIP on chip for H3K9ac

in Jurkat-Tat versus Jurkat cells.

The processing of transcriptomic microarray data

We used Affy [29] to process the 43 HIV-infected and 43 healthy Kenya people’s
blood samples in GSE33580. We discarded samples that has bad sequencing quality.

We used GEO2R to call differently expressed genes (DEGs) requiring P<0.05 and
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|logFC|>1. We also used Affy to check the quality of 9 HIV-resistant and 9 normal
Kenya CD4+T cell samples in GSE14278. We used GEO2R to filter out differently
expressed genes (DEGs). We looked for the intersection of the DEGs retrieved from
GSE33580 and GSE14278. We also used GEO2R to look for DEGs through comparing
30 HIV-infected and 17 normal African people’s blood samples as the control. In the
same way, we did quality check and DEG calling for the HIV-infected and normal
CD4+T cell sample data in GSE73968. We merged the DEGs resulted from analyses in
the naive CD4+T cell and the DEGs resulted from analyses in the central memory

CDA4+T cell.

The processing of DNA-methylation and miRNA microarray data

We used GEO2R to find out differently methylated genes (DMGs) requiring P<0.05
and |t|>2 in the DNA-methylation data GSE67705. In combination with the resulted
retrieved from GSE33580, we filtered out DEGs that are down-regulated in
transcription but up-regulated in DNA methylation. We also filtered out DEGs that
are up-regulated in transcription but down-regulated in DNA methylation. We did the
same thing for the DEGs both in blood sample (GSE33580) and CD4+ T cells
(GSE14278) for hypermethylated down-regulated genes and hypomethylated

up-regulated genes.

We used GEO2R to process miRNA data GSE103555 aiming to find differently
expressed miRNAs. We set the cutoffs P<0.01 and |logFC|>2. We predicted the
target genes of miRNAs using miRDB [30] and compared the results and the DEGs
resulted from the analysis in GSE33580. Finally, we generated a list of predicted

relationships between differently expressed miRNA and DEGs.

The process of ChIP-Seq data

We used fastg-dump to transform SRA format data into fastq format and then
preprocess these fastq files by TrimGalore (github.com/FelixKrueger/TrimGalore)

requiring Phred quality score > 20 and reads length > 20. Thereafter, we used fastqc
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[31] to do quality control. We used bowtie2 [32] to map reads onto the human
genome UCSC GRCh37/hg19 retrieved from Ensembl [33]. Then used MACS2 [34] to
detect the enriched region in the ChIP-Seq data. Finally, we used the ChlPseeker
package [35] by R to annotate peaks, within a region 3000 bp near the ChIP-Seq
enriched region. We selected out the genes that not only located within the peak
region but also DEGs resulted from GSE33580 (Blood-HIV-resistant). We did the same
thing for the shared DEGs both in blood sample (GSE33580) and CD4+ T cells
(GSE14278).

GO and pathway enrichment analysis

We used the R package clusterProfiler [36] to do GO and KEGG analysis and draw
figures. We did analysis for all DEGs, up-regulated DEGs with high DNA-methylation
expression, down-regulated DEGs with low DNA-methylation expression and

ChIP-Seq correlated genes.

Protein-protein interaction network and hub gene selection

We used the Search Tool for the Retrieval of Interacting Genes (String) [37] to
generate protein-protein interaction networks and used Cytoscape [38] to view the
results. We used cytoHubba [39] in Cytoscape to search for hub genes by algorithms
MNC, Degree, EPC, BottleNeck, Closeness and Radiality. We selected out cases with
high scores (5% in ranking). We also looked for the overlapped DEGs resulted from

GSE33580 (EXP-Blood-HIV-resistant) and GSE14278 (EXP-CD4-HIV-resistant).

Other analysis

We used Haploview [40] to get, view and analyze SNP information of genes. We
utilized a NCBI tool HPA RNA-Seq normal tissues to search for the expression
information of genes in different tissues. We used the Connective Map (CMAp) to
look for potential small molecular drugs based on DEGs. We filtered out results

requiring the score<0 and P-value<0.01.
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Results

Identification of anti-HIV genes

To identify anti-HIV genes, we analyzed differently expressed genes (DEGs) through
comparing the gene expression in the blood of HIV-resistant individuals (HIV-R) and
HIV-negative controls (HIV-N-C) based on a published microarray dataset (NCBI GEO
ID, GSE33580). For convenience, we named the experiment
EXP-Blood-HIV-Resistance in the subsequent description. HIV-resistant samples are
collected from highly exposed seronegative (HESN) populations [25]. Following
previous efforts [25], we performed strict quality control for sequencing data by
relative log expression (RLE) plot. RLE can display the consistency of gene expressions.
In the RLE plot, the center of each sample should be very close to the position of
ordinate 0. An individual sample significantly different from most of the other
samples is always problematic and suggested to be discarded [41]. We excluded 13
samples with low quality in EXP-Blood-HIV-Resistance (Figure S1). We next
performed analysis for the left 73 samples by GEO2R and identified 452 DEGs,
including 81 up-regulated, and 371 down-regulated DEGs in HIV-R {Figure S2, Tables
S1). We also performed analyses of DEGs between HIV-R and HIV-N-C based on a
documented CD4+ T cell experiment (NCBI GEO ID, GSE14278), named
EXP-CD4-HIV-Resistance in post description. We discarded one sample in the quality
control (Figure S3) and finally identified 553 DEGs, including 279 up-regulated and
274 down-regulated genes in HIV-R (Figure S4, Table S2). The intersection of the
DEGs resulted from EXP-Blood-HIV-Resistance and EXP-CD4-HIV-Resistance is 27
(FigurelA, Figure S5), in which 12 show consistent expression patterns in both
cohorts (Table S3). We performed a survey of the 12 DEGs in different tissues based
on a published gene expression profiling dataset [42] and found brain, kidney, spleen,
testis and adrenal are hot tissues for the expression of the 12 potential anti-HIV
genes (Figure1B). For convenience, we used ‘the shared 12 anti-HIV DEGs’ to denote

the 12 DEGs with similar expression patterns both in EXP-Blood-HIV-Resistance and
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EXP-CD4-HIV-Resistance in post description.

We searched for hub genes by cytoHubba in Cytoscape [43] and predicted the
networks of protein-protein interaction of DEGs by STRING [44]. We retrieved the top
30 in the score rankings resulted from six approaches, MNC , Degree , EPC,
BottleNeck, Radiality and Closeness, provided by cytoHubba [39], and then took the
crossing (Table S4). We identified 5 hub genes in the DEGs of
EXP-Blood-HIV-Resistance (Figure S6) and 10 hub genes in the DEGs of
EXP-CD4-HIV-Resistance (Figure S7). The 14 identified hub DEGs showed high
expression in brain, fat, bone marrow, liver, kidney, testis and placenta (FigurelB).
Together with the shared 12 anti-HIV DEGs, we in total identified 25 potential

anti-HIV genes (Table S5).

For investigating the function of these potential anti-HIV genes in response to HIV
exposure, we searched for DEGs between the blood samples of patients with early
acute HIV infection (HIV+) and uninfected controls (HIV-) (NCBI GEO ID, GSE29429;
named EXP-Blood-HIV-Infection for presentation convenience in following
description) and CD4+ T level (NCBI GEO ID, GSE73968; named
EXP-CD4-HIV-Infection). We performed quality control for this data (Figure S8, S9).
Based on EXP-Blood-HIV-Infection, we identified 1458 DEGs in HIV+ patients,
including 925 up-regulated and 533 down-regulated genes (Figure S10, Table S6).
Based on EXP-CD4-HIV-Infection, we identified 274 DEGs for naive CD4+ T cell
samples, including 192 up-regulated and 82 down-regulated genes (Figure S11), and
152 DEGs for central memory CD4+ T cell samples, including 119 up-regulated and 33
down-regulated genes (Figure S12). In total, there are 358 DEGs with 248
up-regulated and 100 down-regulated genes in EXP-CD4-HIV-Infection (Table S7).
There are 43 up-regulated and 4 down-regulated DEGs showing consistent regulation
patterns in both experiments (Table S8). Using the same method to search for HIV-R
hub DEGs, we searched for HIV+ hub DEGs and identified 9 hub genes in the DEGs of

EXP-Blood-HIV-Infection (Figure S13) and 16 hub genes in EXP-CD4-HIV-Infection
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(Figure S14). Taking together, there are 36 HIV+ hub genes (FigurelC). We
constructed the protein-protein interaction (PPl) network of the 36 hub genes
(Figure2) and investigated the expression of these genes in different tissues
(FigurelD). The results show that JUN and PLEK are two hub genes both in
HIV-resistance and HIV-infection. HIV-infection hub genes show biased high
expression in the bone-marrow, compared to HIV-resistance hub genes

(P-value<0.044, Wilcoxon Test).

Prediction of anti-HIV regulatory networks

Since the lack of HIV-resistance epigenomic data, we used documented
DNA-methylation and miRNA microarray data of HIV-infected samples to predict the
potential regulatory network of anti-HIV genes. We searched for differently
methylated genes (DMGs) through methylome-wide analysis of chronic HIV infected
patients (HIV+), compared with healthy controls (HIV-), using a published data (NCBI
GEO ID, GSE67705) and identified 13626 candidates with P-value<0.05 and |t|>2. In
the 13626 DMGs, there are 6861 up-regulated genes and 6765 down-regulated
genes in HIV+ patients (Table S9). We searched for the overlap between these DMG
candidates and the HIV-R DEGs resulted from EXP-Blood-HIV-Resistance. We found
22 up-regulated (HIV-R) and hypomethylated (HIV+) genes (Figure S15, Table S10)
and 103 down-regulated (HIV-R) and hypermethylated (HIV+) genes (Figure S16,
Table S11). We also searched for the overlap between the DMG candidates and the
12 shared DEGs, and identified 2 up-regulated (HIV-R) and hypomethylated (HIV+)
genes but none down-regulated (HIV-R) and hypermethylated (HIV+) gene (Table
$12). In addition, we searched for the overlap between the DMG candidates and the
14 HIV-resistant hub genes. We identified one up-regulated (HIV-R) and
hypomethylated (HIV+) gene and two down-regulated (HIV-R) and hypermethylated
(HIV+) genes (Table S13). In total, there are 125 HIV-R DEGs identified with DNA
methylation signatures, in which 103 is hypomethylation and 22 is hypermethylation

(Table S10, S11). In all identified anti-HIV genes (Table S5), there are one
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up-regulated (HIV-R) and hypomethylated (HIV+) gene and 4 down-regulated (HIV-R)

and hypermethylated (HIV+) genes (Table S14).

We analyzed differently expressed miRNA (DEM) based on the data between HIV+
and HIV- (NCBI GEO, GSE103555), and identified 47 DEMs, in which 16 are
up-regulated and 31 are down-regulated in HIV+ patients (Table S15). Thereafter, we
performed target gene prediction by miRDB [30] with the prediction score > 60. We
only kept the resulted pairs with the miRNA and the predicted target gene in
opposite expression [45]. We tried to identify the regulation patterns of the
identified 25 anti-HIV genes using the identified DEMSs, and finally obtained a
regulatory network including 5 miRNA and 7 anti-HIV genes (Table S16, S17).
Hsa-miR-3074-5p is a potential anti-HIV related functional miRNA. Predictions show
that hsa-miR-3074-5p may negatively regulate the expression of JUN, an anti-HIV and
HIV+ related hub gene shared by 4 cohorts (Figure 1C). The up-regulation of JUN may
benefit HIV-resistance (Table S2). Thus, the inhibition of this miRNA may help to

resist HIV infection.

We also searched for the genes bounded by the HIV-1 Trans-Activator of
Transcription protein (Tat). We performed analysis on a documented ChIP-Seq data
(GSE30738), which includes a genome-wide binding map of the HIV Tat protein to the
human genome. We identified 5344 Tat binding genes (Table $18), in which 124 are
DEGs in EXP-Blood-HIV-Resistance (Table S19), and 4 are DEGs both in

EXP-Blood-HIV-Resistance and EXP-CD4-HIV-Resistance (Table S20).

Functional prediction of anti-HIV genes

We used the R package cluster Profiler to do gene ontology (GO) and pathway
enrichment analyses (for details, see Materials and methods). The 452 DEGs in
EXP-Blood-HIV-Resistance and the 553 DEGs in EXP-CD4-HIV-Resistance share a lot.
They are both enriched in the function of extracellular biological factor binding,

channel activity, cell signaling transduction and cell differentiation (Figure S17, S18;
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Table S21, S22). They are also both enriched in pathways associated with blood
circulatory, neurological diseases and cancer (Figure S19, S20; Table $23, S24). DEGs

in the blood or the cells extracted from HIV-infected patients also participated in
functions or pathways similar to HIV-resistant DEGs (Figure S21-S24 , Table S25-528).

The shared 12 anti-HIV DEGs function in focal adhesion, platelet activation and
vascular smooth muscle contraction (Figure 1E, F; Table S29, S30). For HIV-R DEGs
showing different DNA methylation, down-regulated HIV-R DEGs with
hypermethylation show an enrichment in neurological activities (Figure S25, S26;
Table S31, S32) while up-regulated HIV-R DEGs with hypomethylation show an
enrichment in cell cycle (Figure S27, S28; Table S33, S34). Tat binding HIV-R DEGs in
EXP-CD4-HIV-Resistance show a preference to function in cell cycle (Figure S29, S30;
Table S35, S36). In pathway enrichment analysis of anti-HIV DEGs, we identified 5
potential anti-HIV pathways (Table S37), including focal adhesion (Figure 3),
regulation of actin cytoskeleton (Figure S31), platelet activation (Figure S32), cAMP

signaling (Figure S33) and gastric acid secretion (Figure S34).

Potential anti-HIV biomarkers

JUN and PLEK are the only two hub genes shared by HIV resistance and HIV infection
cohorts. There is no previous report of HIV resistance for these two genes. JUN is
HIV-R up-regulated but HIV+ down-regulated (Table S2, S6). It can be inferred that
the increase in the expression of JUN may promote the resistance to HIV-infection,
that individuals with low expression level of JUN may be susceptible to HIV infection,
and that HIV-infection may lead to the reduced expression of JUN. The protein
encoded by JUN is a major component of the AP-1 complex, which commonly
functions in growth and differentiation. It is also reported that the transcription of
JUN is stimulated by its own gene products [46, 47]. PLEK show low expression level
in HIV-R but high in HIV+ (Table S2, S6). The silence of PLEK may benefit resistance in
exposure to HIV. PLEK encodes a protein named Pleckstrin, which is the main

substrate of the protein kinase C (PKC), highly expressed in platelets and white blood
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cells [48, 49]. Studies have also provided evidence that supports the role of PLEK in

exocytosis [50, 51].

EGF is the only anti-HIV hub gene shared by EXP-Blood-HIV-Resistance and
EXP-CD4-HIV-Resistance. This gene is a HIV-R up-regulated DEG in both experiments.
We performed a research in population genetics for EGF and identified 75 SNP tags
(Table S38). We used the human population genomic data of Kenya. The reason is
that the samples in EXP-Blood-HIV-Resistance and EXP-CD4-HIV-Resistance were
collected from African people. Through using CMap [52] to analyze the shared 12
anti-HIV DEGs, we found 12 small molecules as potential therapeutic drugs for HIV

(Table S39).

Discussion

We performed a comprehensive analysis of HIV-resistance transcriptomic and
epigenomic data (Figure 4) and identified 25 potential anti-HIV genes and
constructed a network based on our analyses (Figure 5). There are 12 DEGs with
similar regulation patterns (6 up-regulation and 6 down-regulation in HIV-R) both in
EXP-Blood-HIV-Resistance and CD4-HIV-Resistance, and 15 DEGs showing pairs of
opposite regulation patterns in the two experiments. These may be leaded by the

difference between blood sample and CD4+ T cells, or by the sampling error.

Previous analyses of EXP-Blood-HIV-Resistance has suggested that HIV-resistant
people are always in a state of reduced immune activation [25]. It is reported that
most genes are down-regulated in HIV-resistance pathways [25]. In contrast to
previous results, our analyses of Blood-HIV-resistance showed that there are
comparably more HIV-R up-regulated genes in most pathways. In the 24 identified
HIV-resistant related pathways, only 7 pathways are with more HIV-R up-regulated
than down-regulated genes, while the left 14 pathways are with more HIV-R
down-regulated than up-regulated genes. There are only 2 pathways in common,

Focal adhesion and Regulation of actin cytoskeleton, between the 24 pathways
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identified by us and the 15 pathways identified in the previous work [25]. In focal
adhesion, previous work [25] found most genes are down-regulated, but our analysis
showed that most genes (9/15) are up-regulated. In comparing the top 50 DEGs
reported in the previous work and the identified 452 DEGs in our analysis, there are
11 genes in common and only 2 genes show consistent expression patterns. DPP4,
referred as the most significant DEGs in [25], show no expression difference in our
analysis. The previous work on CD4-HIV-Resistant proposed that the HIV-resistant
CD4+ T cells are mostly silenced in gene expression [26]. This work reported 132
HIV-R DEGs, within which 124 were found to be in a low-expression in HIV-R cells.
Based on these, it is proposed two related pathways, proteasome and the T cell
receptor (TCR) signaling pathways, in which genes are identified mostly
down-regulated [26]. Different from the previous results, our analysis found there
were 4 down-regulated DEGs and 3 up-regulated DEGs in the previously reported
HIV-resistant pathway, the T cell receptor (TCR) signaling (Figure S35). Moreover, the
previous work [26] specially pointed out that IL-5, a member of human Interleukin, is
down-regulated in HIV-resistant CD4+ T cells. In contrast, our analysis showed that
this gene is up-regulated. The difference between our results and the previous work
[26] may be due to the exclusion of low quality samples in the sample quality control
of our analysis. CCR5 is a validated anti-HIV gene [53], whose mutations have a
higher frequency in the Caucasian population [54]. This gene is not included in our

results, so did previous records [25, 26].

Two identified HIV-resistant genes have been previously reported. They are NCAM1
and RhoA. NCAM1, neural cell adhesion molecule, encodes the cell adhesion protein,
a member of human immunoglobulins [55], and mainly expresses in natural killer
cells (NK) [56], T cells, B cells and dendritic cells [57, 58]. These cells play important
roles in immune surveillance. NCAM1 can also be detected in neural and
mesenchymal stem cells [59]. It functions in the development of the nervous system
by regulating neurogenesis, neurite outgrowth, and cell migration [60-62]. It has

been reported that NK cells of HIV exposure show a special activated state, e.g. the
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promoted expression of CD107a, IFN-y, CD57 and CD56 [63]. These indicated that

NCAM1 play an important role in the resistance to HIV infection. RhoA, Ras Homolog
Family Member A, encodes a GTPase, a member of Rho family. RhoA functions
importantly in multiple cell activities, e.g., cell growth, cell transformation and
cytoskeleton regulation [64-66]. It has been reported that RhoA is capable of

regulating and inhibiting the replication of HIV-1 through novel effector activity [67].

For the 23 newly identified HIV-resistance related genes, most (14/23) are in
relationship with the lifecycle of tumor cells, such as AURKA [68-70] , BMP4[24, 71,

72] and CALD1 [25, 66, 73] (Table S40). Moreover, five HIV-resistance genes are
neurological function related (Table S8). It can be inferred that investigation on
cancer and neurological diseases may provide us novel hints for the therapy and the
prevention of HIV/AIDS. In past decades, the limited successfully cured AIDS cases all
have acute myeloid leukemia (AML) and the patients were all treated by hemopoietic
stem cell transplantation (HSCT) [74, 75] [76] [77]. As the blood cancer was treated,
the HIV in the patient’s body was also eliminated. However, the detailed mechanism

is still a mystery.
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Figure

Figure 1. The expression and function of anti-HIV genes. A, a circular heat map
showing the expression of the identified anti-HIV genes in EXP-Blood-HIV-Resistance
and EXP-CD4-HIV-Resistance. B, a heat map showing the expression in tissues for the
identified 25 anti-HIV genes, including the shared 12 anti-HIV DEGs, marked by blue
cycles following gene names, and the 14 anti-HIV hub genes, marked by red cycles
following gene names. Up and down arrows denote up- and down-regulation,
respectively. C, the Venn plot of 36 hub genes in 4 sets of transcriptome data. Those
within a green line are hub genes resulted from EXP-Blood-HIV-Resistance, those
within an orange line are hub genes resulted from EXP-CD4-HIV-Resistance, those
within a red line are hub genes resulted from EXP-Blood-HIV-Infection, and those
within a blue line are hub genes resulted from EXP-CD4-HIV-Infection. D, a heat map
showing the expression of 36 hub genes in tissues. The hub genes that function in
HIV infection are marked by red cycles following gene names, while those function in
HIV-resistance are marked by green cycles following gene names. E and F are the
plots of GO enrichment analysis and pathway enrichment analysis of the shared 12

anti-HIV DEGs, respectively.

Figure 2. The PPl network diagram of 36 HIV related hub genes. Red dots represent
up-regulated HIV-infection genes, blue dots represent down-regulated HIV-infection
genes, dark yellow dots represent down-regulated anti-HIV genes and green dots

represent up-regulated anti-HIV genes.

Figure 3. The mapped DEGs in the pathway, focal adhesion. It is resulted from a
common pathway enrichment analysis based on EXP-Blood-HIV-Resistance and
EXP-CD4-HIV-Resistance. Mapped DEGs are in colored rectangles. A color akin to red

denotes up-regulation, while that akin to blue denotes down-regulation.

Figure 4. The flow chart of the entire analysis process. Boxes in blue denote the
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beginning of the pipeline. Boxes in orange denote the results, and diamond boxes

denote analysis steps.

Figure 5. The predicted regulatory network of anti-HIV genes. Red circles denote the
25 anti-HIV genes based on prediction, blue circles denote DNA-methylation, and
yellow circles denote DEMs. The lines with arrows pointing to red cycles denote

ugn

promotion, while those with ‘T’ at the end denote inhibition. in red circles
denote the 12 anti-HIV genes with similar expression patterns both in
EXP-Blood-HIV-Resistance and EXP-CD4-HIV-Resistance. Positive triangles next to “*”
denote up-regulation, and inverted triangles denote down-regulation. The

underlining of gene names denote the gene may be affected by the HIV Tat protein.


https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.03.21.436300; this version posted March 22, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

References

1. Gottlieb MS, Schroff R, Schanker HM, Weisman JD, Fan PT, Wolf RA, et a. Pneumocystis
carinii pneumonia and mucosal candidiasis in previously healthy homosexual men: evidence of a new
acquired cellular immunodeficiency. N Engl JMed. 1981;305(24):1425-31.

2. Barresgnouss F, Chermann JC, Rey F, Nugeyre MT, Chamaret S, Gruest J, et al. Isolation of a
T-Lymphotropic Retrovirus from a Patient at Risk for Acquired Immune-Deficiency Syndrome (Aids).
Science. 1983;220(4599):868-71.

3. Organization WH. HIV/AIDS fact sheets 2019. Available from:
https.//www.who.int/news-room/fact-sheets/detail/hiv-aids.

4. Dalgleish AG, Beverley PCL, Clapham PR, Crawford DH, Greaves MF, Weiss RA. The Cd4 (T4)
Antigen Is an Essentiadl Component of the Receptor for the Aids Retrovirus. Nature.
1984;312(5996):763-7.

5. Klatzmann D, Champagne E, Chamaret S, Gruest J, Guetard D, Hercend T, et a. T-lymphocyte
T4 molecule behaves as the receptor for human retrovirus LAV. Nature. 1984;312(5996):767-8.

6. Maddon PJ, Dalgleish AG, McDougal JS, Clapham PR, Weiss RA, Axel R. The T4 gene encodes
the AIDS virus receptor and is expressed in the immune system and the brain. Cell. 1986;47(3):333-48.
7. Deffur A, Mulder NJ, Wilkinson RJ. Co-infection with Mycobacterium tuberculosis and human
immunodeficiency virus. an overview and motivation for systems approaches. Pathog Dis.
2013;69(2):101-13.

8. J Y, Lu H. Malignancies in HIV-Infected and AIDS Patients. Adv Exp Med Biol.
2017;1018:167-79.

9. Jones LD, Moody MA, Thompson AB. Innovations in HIV-1 Vaccine Design. Clin Ther.
2020;42(3):499-514.

10. Lederman MM, Connick E, Landay A, Kuritzkes DR, Spritzler J, St Clair M, et a. Immunologic
responses associated with 12 weeks of combination antiretroviral therapy consisting of zidovudine,
lamivudine, and ritonavir: results of AIDS Clinica Trials Group Protocol 315. J Infect Dis.
1998;178(1):70-9.

11. Finzi D, Hermankova M, Pierson T, Carruth LM, Buck C, Chaisson RE, et al. Identification of a
reservoir for HIV-1 in patients on highly active antiretroviral therapy. Science.
1997,278(5341):1295-300.

12. Robb ML, Rerks-Ngarm S, Nitayaphan S, Pitisuttithum P, Kaewkungwal J, Kunasol P, et d. Risk
behaviour and time as covariates for efficacy of the HIV vaccine regimen ALVAC-HIV (vCP1521) and
AIDSVAX B/E: a post-hoc analysis of the Thai phase 3 efficacy trial RV 144. Lancet Infect Dis.
2012;12(7):531-7.

13. Hemelaar J. Implications of HIV diversity for the HIV-1 pandemic. J Infect. 2013;66(5):391-400.

14. Samson M, Libert F, Doranz BJ, Rucker J, Liesnard C, Farber CM, et al. Resstance to HIV-1
infection in caucasian individuals bearing mutant alleles of the CCR-5 chemokine receptor gene.
Nature. 1996;382(6593):722-5.

15. Dean M, Carrington M, Winkler C, Huttley GA, Smith MW, Allikmets R, et al. Genetic restriction
of HIV-1 infection and progression to AIDS by a deletion alele of the CKR5 structural gene.
Hemophilia Growth and Development Study, Multicenter AIDS Cohort Study, Multicenter Hemophilia
Cohort Study, San Francisco City Cohort, ALIVE Study. Science. 1996;273(5283):1856-62.

16. Sheehy AM, Gaddis NC, Choi JD, Malim MH. Isolation of a human gene that inhibits HIV-1


https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.03.21.436300; this version posted March 22, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

infection and is suppressed by the viral Vif protein. Nature. 2002;418(6898):646-50.

17. Simonsen JN, Plummer FA, Ngugi EN, Black C, Kreiss JK, Gakinya MN, et a. HIV infection
among lower socioeconomic strata prostitutesin Nairobi. AIDS. 1990;4(2):139-44.

18. Fowke KR, Nagelkerke NJ, Kimani J, Simonsen JN, Anzala AO, Bwayo JJ, et al. Resistance to
HIV-1 infection among persistently seronegative prostitutes in  Nairobi, Kenya. Lancet.
1996;348(9038):1347-51.

19. Burgener A, Boutilier J, Wachihi C, Kimani J, Carpenter M, Westmacott G, et al. Identification of
differentially expressed proteinsin the cervical mucosa of HIV-1-resistant sex workers. J Proteome Res.
2008;7(10):4446-54.

20. Burgener A, Rahman S, Ahmad R, Lgoie J, Ramdahin S, Mesa C, et a. Comprehensive
proteomic study identifies serpin and cystatin antiproteases as novel correlates of HIV-1 resisgance in
the cervicovaginal mucosa of female sex workers. J Proteome Res. 2011;10(11):5139-49.

21. Fernandez-Caballero Rico JA, Chueca Porcuna N, Alvarez Estevez M, Mosquera Gutierrez MDM,
Marcos Maeso MA, Garcia F. A safe an easy method for building consensus HIV sequences from 454
massively parallel sequencing data. Enferm Infecc Microbiol Clin. 2018;36(2):91-4.

22. Zhang X, Hu Y, Aouizerat BE, Peng G, Marconi VC, Corley MJ, et al. Machine learning selected
smoking-associated DNA methylation signatures that predict HIV prognosis and mortality. Clin
Epigenetics. 2018;10(1):155.

23. Lucic B, Chen HC, Kuzman M, Zorita E, Wegner J, Minneker V, et al. Spatially clustered loci
with multiple enhancers are frequent targets of HIV-1 integration. Nat Commun. 2019;10(1):4059.

24, Wang W, Zhao Z, Wu F, Wang H, Wang J, Lan Q, et a. Bioinformatic analysis of gene expression
and methylation regulation in glioblastoma. J Neurooncol. 2018;136(3):495-503.

25. Songok EM, Luo M, Liang B, McLaren P, Kaefer N, Apidi W, et al. Microarray analysis of HIV
resistant female sex workers reveal a gene expression signature pattern reminiscent of a lowered
immune activation state. PLoS One. 2012;7(1):e30048.

26. McLaren PJ, Ball TB, Wachihi C, Jaoko W, Kelvin DJ, Danesh A, et a. HIV-exposed
seronegative commercial sex workers show a quiescent phenotype in the CD4+ T cell compartment and
reduced expression of HIV-dependent host factors. J Infect Dis. 2010;202 Suppl 3:S339-44.

27. Gross AM, Jaeger PA, Kreisberg JF Licon K, Jepsen KL, Khosroheidari M, et al.
Methylome-wide Analysis of Chronic HIV Infection Reveals Five-Year Increase in Biological Age and
Epigenetic Targeting of HLA. Mol Cell. 2016;62(2):157-68.

28. Marban C, Su T, Ferrari R, Li B, Vatakis D, Pellegrini M, et al. Genome-wide binding map of the
HIV-1 Tat protein to the human genome. PL0oS One. 2011;6(11):€26894.

29. Gautier L, Cope L, Bolstad BM, Irizarry RA. affy--analysis of Affymetrix GeneChip data at the
probe level. Bioinformatics. 2004;20(3):307-15.

30. Chen Y, Wang X. miRDB: an online database for prediction of functional microRNA targets.
Nucleic Acids Res. 2020;48(D1):D127-D31.

31. Andrews S. FastQC A Quality Control Tool for High Throughput Sequence Data 2010. Available
from: https.//www.bioinformatics.babraham.ac.uk/projects/fastqc/.

32. Langmead B, Salzberg SL. Fast gapped-read alignment with Bowtie 2. Nat Methods.
2012;9(4):357-9.

33. Yates AD, Achuthan P, Akanni W, Allen J, Allen J, Alvarez-Jarreta J, et al. Ensembl 2020. Nucleic
Acids Res. 2020;48(D1):D682-D8.

34. Zhang Y, Liu T, Meyer CA, Eeckhoute J, Johnson DS, Bernstein BE, et al. Model-based analysis


https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.03.21.436300; this version posted March 22, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

of ChlP-Seq (MACS). Genome Biol. 2008;9(9):R137.

35. Yu G, Wang LG, He QY. ChlPseeker: an R/Bioconductor package for ChlIP peak annotation,
comparison and visualization. Bioinformatics. 2015;31(14):2382-3.

36. Yu G, Wang LG, Han Y, He QY. clusterProfiler: an R package for comparing biological themes
among gene clusters. Omics : ajournal of integrative biology. 2012;16(5):284-7.

37. Franceschini A, Szklarczyk D, Frankild S, Kuhn M, Simonovic M, Roth A, et al. STRING v9.1:
protein-protein interaction networks, with increased coverage and integration. Nucleic Acids Res.
2013;41(Database issue):D808-15.

38. Smoot ME, Ono K, Ruscheinski J, Wang PL, Ideker T. Cytoscape 2.8: new features for data
integration and network visualization. Bioinformatics. 2011;27(3):431-2.

39. Chin CH, Chen SH, Wu HH, Ho CW, Ko MT, Lin CY. cytoHubba: identifying hub objects and
sub-networks from complex interactome. BMC Syst Biol. 2014;8 Suppl 4:S11.

40. Barrett JC. Haploview: Visualization and analysis of SNP genotype data. Cold Spring Harb Protoc.
2009;2009(10):pdb ip71.

41. Gandolfo LC, Speed TP. RLE plots: Visualizing unwanted variation in high dimensional data.
PL0S One. 2018;13(2):€0191629.

42. Fagerberg L, Hallstrom BM, Oksvold P, Kampf C, Djureinovic D, Odeberg J, et a. Analysis of
the human tissue-specific expression by genome-wide integration of transcriptomics and
antibody-based proteomics. Mol Cell Proteomics. 2014;13(2):397-406.

43. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al. Cytoscape: a software
environment for integrated models of biomolecular interaction networks. Genome Res.
2003;13(11):2498-504.

44, Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, et a. STRING v11:
protein-protein association networks with increased coverage, supporting functional discovery in
genome-wide experimental datasets. Nucleic Acids Res. 2019;47(D1):D607-D13.

45. Correia de Sousa M, Gjorgjieva M, Dolicka D, Sobolewski C, Foti M. Deciphering miRNAS
Action through miRNA Editing. Int JMol Sci. 2019;20(24).

46. Hess J, Angel P, Schorpp-Kistner M. AP-1 subunits: quarrel and harmony among siblings. J Cell
Sci. 2004;117(Pt 25):5965-73.

47. Angel B, Hattori K, Smeal T, Karin M. The jun proto-oncogene is positively autoregulated by its
product, Jun/AP-1. Cell. 1988;55(5):875-85.

48. Lyons RM, Stanford N, Maerus PW. Thrombin-induced protein phosphorylation in human
platelets. J Clin Invest. 1975;56(4):924-36.

49. Gailani D, Fisher TC, Mills DC, Macfarlane DE. P47 phosphoprotein of blood platelets
(pleckstrin) is a major target for phorbol ester-induced protein phosphorylation in intact platelets,
granulocytes, lymphocytes, monocytes and cultured leukaemic cells. absence of P47 in
non-haematopoietic cells. Br J Haematol. 1990;74(2):192-202.

50. Ding Y, Kantarci A, Badwey JA, Hasturk H, Malabanan A, Van Dyke TE. Phosphorylation of
pleckstrin increases proinflammatory cytokine secretion by mononuclear phagocytes in diabetes
mellitus. JImmunol. 2007;179(1):647-54.

51. Lian L, Wang Y, Flick M, Choi J, Scott EW, Degen J, et a. Loss of pleckstrin defines a novel
pathway for PK C-mediated exocytosis. Blood. 2009;113(15):3577-84.

52. Lamb J. The Connectivity Map: a new tool for biomedical research. Nat Rev Cancer.
2007;7(1):54-60.


https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.03.21.436300; this version posted March 22, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

53. LiuR, Paxton WA, Choe S, Ceradini D, Martin SR, Horuk R, et al. Homozygous defect in HIV-1
coreceptor accounts for resistance of some multiply-exposed individuals to HIV-1 infection. Cell.
1996,86(3):367-77.

54. Libert F, Cochaux P, Beckman G, Samson M, Aksenova M, Cao A, et al. The deltaccr5 mutation
conferring protection againg HIV-1 in Caucasian populations has a single and recent origin in
Northeastern Europe. Hum Mol Genet. 1998;7(3):399-406.

55. Cunningham BA, Hemperly JJ, Murray BA, Prediger EA, Brackenbury R, Edelman GM. Neural
cell adheson molecule: structure, immunoglobulin-like domains, cell surface modulation, and
aternative RNA splicing. Science. 1987;236(4803):799-806.

56. Caligiuri MA. Human natural killer cells. Blood. 2008;112(3):461-9.

57. Van Acker HH, Capsomidis A, Smits EL, Van Tendeloo VF. CD56 in the Immune System: More
Than a Marker for Cytotoxicity? Front Immunol. 2017;8:892.

58. Bonfanti L. PSA-NCAM in mammalian structural plasticity and neurogenesis. Prog Neurobiol.
2006;80(3):129-64.

59. Skog MS, Nystedt J, Korhonen M, Anderson H, Lehti TA, Pajunen MI, et al. Expression of neural
cell adhesion molecule and polysialic acid in human bone marrow-derived mesenchymal stromal cells.
Stem Cell Res Ther. 2016;7(1):113.

60. Casadesus G, Shukitt-Hale B, Stellwagen HM, Smith MA, Rabin BM, Joseph JA. Hippocampal
neurogenesis and PSA-NCAM expression following exposure to 56Fe particles mimics that seen
during aging in rats. Exp Gerontol. 2005;40(3):249-54.

61. Ni Dhuill CM, Fox GB, Pittock SJ, O'Connell AW, Murphy KJ, Regan CM. Polysialylated neural
cell adhesion molecule expression in the dentate gyrus of the human hippocampal formation from
infancy to old age. J Neurosci Res. 1999;55(1):99-106.

62. Kiselyov VV, Skladchikova G, Hinsby AM, Jensen PH, Kulahin N, Soroka V, et al. Structural
basis for a direct interaction between FGFR1 and NCAM and evidence for a regulatory role of ATP.
Structure. 2003;11(6):691-701.

63. Lima JF, Oliveira LM, Pereira NZ, Mitsunari GE, Duarte AJ, Sato MN. Distinct natural killer
cells in HIV-exposed seronegative subjects with effector cytotoxic CD56(dim) and CD56(bright) cells
and memory-like CD57(+)NKG2C(+)CD56(dim) cells. J Acquir Immune Defic Syndr.
2014;67(5):463-71.

64. Tkach V, Bock E, Berezin V. The role of RhoA in the regulation of cell morphology and motility.
Cell Matil Cytoskeleton. 2005;61(1):21-33.

65. Shen DW, Pouliot LM, Gillet J°, Ma W, Johnson AC, Hall MD, et al. The transcription factor
GCF2 is an upstream repressor of the small GTPAse RhoA, regulating membrane protein trafficking,
senstivity to doxorubicin, and resistance to cisplatin. Mol Pharm. 2012;9(6):1822-33.

66. Chi X, Wang S, Huang Y, Stamnes M, Chen JL. Roles of rho GTPases in intracellular transport
and cellular transformation. Int JMol Sci. 2013;14(4):7089-108.

67. Wang L, Zhang H, Solski PA, Hart MJ, Der CJ, Su L. Modulation of HIV-1 replication by a novel
RhoA effector activity. J Immunol. 2000;164(10):5369-74.

68. Sasai K, Treekitkarnmongkol W, Ka K, Katayama H, Sen S. Functional Significance of Aurora
Kinases-p53 Protein Family Interactions in Cancer. Front Oncol. 2016;6:247.

69. Zhou H, Kuang J, Zhong L, Kuo WL, Gray JW, Sahin A, et al. Tumour amplified kinase
STK15/BTAK induces centrosome amplification, aneuploidy and transformation. Nat Genet.
1998;20(2):189-93.


https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.03.21.436300; this version posted March 22, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

70. Yan M, Wang C, HeB, Yang M, Tong M, Long Z, et al. Aurora-A Kinase: A Potent Oncogene and
Target for Cancer Therapy. Med Res Rev. 2016;36(6):1036-79.

71. LiuY, Wu X, Wang G, Hu S, Zhang Y, Zhao S. CALD1, CNN1, and TAGLN identified as
potential prognostic molecular markers of bladder cancer by bioinformatics analysis. Medicine
(Baltimore). 2019;98(2):€13847.

72. Zhang J, Luo A, Huang F, Gong T, Liu Z. SERPINE2 promotes esophageal squamous cell
carcinoma metastasis by activating BMP4. Cancer Lett. 2020;469:390-8.

73. Yoshio T, Morita T, Kimura Y, Tsujii M, Hayashi N, Sobue K. Caldesmon suppresses cancer cell
invasion by regulating podosome/invadopodium formation. FEBS Lett. 2007;581(20):3777-82.

74. Kuritzkes DR. Hematopoietic stem cell transplantation for HIV cure. J Clin Inves.
2016;126(2):432-7.

75. Kirby T. Second person reported in remission from HIV infection. Lancet. 2019;393(10177):1191.
76. The Lancet H. Like London buses, two putative cure cases arrive at once. Lancet HIV.
2019;6(4):€205.

77. Scarborough RJ, Goguen RP, Gatignol A. [A second patient cured of HIV infection: hopes and
limitations]. Virologie (Montrouge). 2019;23(3):1-4.


https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

bi

reprint doi: https://doi.org/10.1101/.

ED
(whi@h was not certified by peer review) is the
a

GO Term

2.00
150
1.00
0.50
0.00
-0.50
i-1.00
-1.50
-2.00

GAPDH BMP4
RHOA LEP

CD44  AURKA
FYN

ERBB2
IRF4
UBAS
FBXO7

The Most Enriched GO Terms

calmodulin binding-
receptor activator activity-
e LT G4 IV Ghry br i LTI
ilable under aCC-BY-NC 4.0 International license.
diacylgcerol binding-
tropomyosin binding-
Whnt-activated receptor activity-

protein TK activator activity-
caherin binding-

G-protein a-subunit binding-
endopeptidase activaty-
sensory perception of sound-
regulation of Wnt pathway-

biomineral tissue development-
sense of machanical stimulus-
regulation of Wnt pathway-
response to mechanical stimulus-
visual perception-

perception of light stimulus-
regulation of PKA signaling-

cell proliferation in EGL;

cell cortex part-
retrotranslocation complex-

fibrillar collagen trimer-
banded collagen fibril-
cytoplasmic side of ER-

fiber to Purkinje cell synapse-
presynaptic zone component-
cell cortex-

complex of collagen trimers-

o

calyx of Held-

Type
. Molecular function

O
o

. Biological process

1.0
GeneNumber

0.5 1.5

. Cellular component

e
o

"4 If ..I
oCR OO XY on il o I = =
ﬂaomgzmnaagm—:ng
L o2 =5 SsS=lag=5
SHEPr: "od® aE5focmo

w — o - = W = Jig
3 '-l::!E m;%gaw_ﬂ
E}l E’Jlr.r:l_ 5_:}_%
g g =i

a =3 2
@

fieno
UoBWO)S

e 11T

FGAe
COBLL1»
EGF # I'+
CD44
LEF =
HM12e

.~ RHOAe

EMP4 @
COoL1A1 i*
CALD1 e
ITGE1e
GAPDH e
MYLK3 '+

 GYPEs

uojo
wnuaponp
aunsaul ||Bws

snBeydoss
ajelsoud
apou ydwk)
xipuadde

I] mﬁ ]

=)
18n)

faupiy

oo & o o s
S5 4283
mﬁ'a'mEtﬂ
s 2 F
3 o 5
w ¥ D
= o
o /]
=

s
sealoued

puelb fienes
Buny

lappe|q |jeb

ejuaoed
Jappeq Aleuun

T (ST LTI e

==

uo|o9
YoBLWO)S
wnuaponp

aunsaju| ||ews

fieno
aje1soud

ueay
prosfy)

snbeydosa
|eusipe

LWnawopus

Bun|

PLEK®
AURKA »
THCAT158 -1‘
LOC 105372762 -}
FYN o

ADGRV1 -*
NCAM1®

GRIA2

UNGCA13C .f

LUBAS®
EGF »
EREBZ ®
FGA =
MYCe
CD274 e
EMP4 ®
LEP=
ITGE1®
RHOA =
GRIAZe
MNCAM1 @
CD3ge
FYM ®
CD44e
REM1®
ALRKA®
EUB1E*
RADS1 e
GAPDH =
CClL5e
CDEB e
IRF4 ®
CDE9 =
GZMBe
CYEBw®
TYROBF#»
FEXOT »
FPTGS2=
CClde
CXCLB e
GATA1e
MPO®
IL1E =
PLEK® @

Focal adhesion-

Platelet activation-

VSM contraction-

Calcium signaling pathway-
Regulation of cytoskeleton-
Papillomavirus infection-
PI3K-Akt pathway:-

Bladder cancer-
Endometrial cancaer-

Non-small cell lung cancer:

Count
® 1.0
@15
@20
@5

@:o

P-value

0.01
0.02
0.03
0.04

02 03

0.4 0.5

GeneRatio

0.6


https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

i

%

i
N g\.‘_‘;

o Y
&

F
i

¢
'

T



https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.03.21.436300; this version posted March 22, 2021. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.
| FocaL apHEsION | -3.1 0.0 3.1

Cell motility

Regulation of
actin cytoskele fon

————————— ®  Stress flher/ FA

Actin formathon
polymenzaton
EEE Filo
————————— —» Lame &-:ha
ECM-receptor F A =" FA turnover
interac tion

~ PI3K-Akt -
signaling pathway

[ Cytokine- ]
cytokine receptor
mterac hon



https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.03.21.436300; this version posted March 22, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

Methylation data EKP‘B!ODd‘HW' EXP-CD4-HIV-Resistance Miﬂmﬂ”’?‘ data
(blood, HIV-infected) Resistance |[IREeR R imectet)
L | | g
- iy = I g ’MicmRM.ﬁ.
~ Methylation Profiling Profiling analysis .
analysis analysis analysis ¥
l 1 . l 47 DEMs
; o (161, 314)
et ; 452 DEGs g CHtgmER 553 DEGs -~ :
13626 DMGs <~ PPl analysis - expression <~ PPl analysis >
(68617, 6765() | - ' (811,3714) | T paterns (R7T, 274 ! Y
. i | - ) ..Target gene
l l l 1 1  prediction
5 hub genes | . Pathway ~_ l90CommonDEGS| < | uWa¥ 10 hub genes _
analysis . analysis 7848 regulation
= 1 ) patterns
v k3
s 25 HIV-resistant —
< Qverlap ! SR —— »<__ Overlap
l 24 pathwa‘fﬁ I \ 33 pathways \ l
5 E 8 regulation
genes & = 14 genes \ 4 patterns
o EXP-Blood-HIV- .5 : o 2 Genes
None . Qverlap ; it otion qverlap EXP-CD4-HIV-Infection = - _Ouerlapﬂ > UN & PLEK)
14 hub genes | Profilng ™ 5 pathways |~ Profiling 16 hubgenes | < Epheedeton -
~._ analysis .~ | % analysis
P ; TR 1458 DEGs 274 DEGs o ess
P, PPI analysis s % (9254, 5334) 1924 820) T PPI analysis P 75 tagSNPs
~ ChiP-Seq | ~. - 12 small
] i — = < AP
[H?\?i':l'aat] - Analysis S344genes <. Overiap > JEE— .CM moleculars

-t


https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

cgl5096815

hsa-miR-9-3
: hsa-miR-

3074-5p
cg11409308

JUN
ITGB1
hsa-miR-
4662a-5p E“' \ NCAM1
e B | " | : el
GPR98 3 GRIA2 | ; RHOA FGA
| : | | hsa-miR-
cMAPsignaling pathway r::'=:l=:-;:f=_=_€_ 1'= == 1 E 200a-3p
Gastric acid secretion i : i i MIIi(B :i EGF FYN CD44
Regulation of ::I_:===_____;i_ ______ | i
actin ::*,rtmskueluett:m/rrI PLEK
)

AURKA
COL1Al

Yy I

Platelet activation ST - - = — ———
I GAPDH | cg09644986

),

Focal adhesion

cgl0828804

cg20557037

hsa-miR-1303


https://doi.org/10.1101/2021.03.21.436300
http://creativecommons.org/licenses/by-nc/4.0/

