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Background

Mitochondrial DNA (mtDNA) profiles and contributions of mtDNA variants to CD4+T-cell recovery in Euramerican people living with HIV (PLWH) may not be transferred to East-Asian PLWH, highlighting the need to consider more regional studies. We aimed to identify mtDNA characteristics and mutations that explain the variability of short-term CD4+T-cell recovery in East-Asian PLWH.



Method

Eight hundred fifty-six newly reported antiretroviral therapy (ART)-naïve Chinese PLWH from the Comparative HIV and Aging Research in Taizhou (CHART) cohort (Zhejiang Province, Eastern China) were enrolled. MtDNA was extracted from peripheral whole blood of those PLWH at HIV diagnosis, amplified, and sequenced using polymerase chain reaction and gene array. Characterization metrics such as mutational diversity and momentum were developed to delineate baseline mtDNA mutational patterns in ART-naïve PLWH. The associations between mtDNA genome-wide single nucleotide variants and CD4+T-cell recovery after short-term (within ~48 weeks) ART in 724 PLWH were examined using bootstrapping median regressions.



Results

Of 856 participants, 74.18% and 25.82% were male and female, respectively. The median age was 37 years; 94.51% were of the major Han ethnicity, and 69.04% and 28.62% were of the heterosexual and homosexual transmission, respectively. We identified 2,352 types of mtDNA mutations and mtDNA regions D-loop, ND5, CYB, or RNR1 with highest mutational diversity or volume. Female PLWH rather than male PLWH at the baseline showed remarkable age-related uptrends of momentum and mutational diversity as well as correlations between CD4+T <200 (cells/μl) and age-related uptrends of mutational diversity in many mtDNA regions. After adjustments of important sociodemographic and clinical variables, m.1005T>C, m.1824T>C, m.3394T>C, m.4491G>A, m.7828A>G, m.9814T>C, m.10586G>A, m.12338T>C, m.13708G>A, and m.14308T>C (at the Bonferroni-corrected significance) were negatively associated with short-term CD4+T-cell recovery whereas m.93A>G, m.15218A>G, and m.16399A>G were positively associated with short-term CD4+T-cell recovery.



Conclusion

Our baseline mtDNA characterization stresses the attention to East-Asian female PLWH at risk of CD4+T-cell loss-related aging and noncommunicable chronic diseases. Furthermore, mtDNA variants identified in regression analyses account for heterogeneity in short-term CD4+T-cell recovery of East-Asian PLWH. These results may help individualize the East-Asian immune recovery strategies under complicated HIV management caused by CD4+T-cell loss.
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Introduction

The central issue for people living with HIV (PLWH) is the CD4+T-lymphocyte loss, and a progressive depletion of CD4+T cells presages the acquired immunodeficiency syndrome (AIDS) (1) accompanied with opportunistic infection, cancer, cardiovascular and bone diseases, renal and hepatic disruption and other complications (2). As AIDS and non-AIDS morbidity and mortality are determined by the state of CD4+T-cell loss (3, 4), a fast restoration on CD4+T-cell levels during antiretroviral therapy (ART) is especially important (5, 6). Although combination ART enhances the CD4+T cell levels of PLWH by HIV replication suppression, 15%–50% of PLWH do not achieve satisfied CD4+T-cell levels within 48-week treatment (7–10). Those PLWH with inadequate CD4+T-cell gains are at risk of continued immunity disruption and complications. Host genetic architecture that helps individualize the short-term CD4+T-cell recovery is an unmet clinical need in PLWH.

Mitochondria, as powerhouses of immunity (11), have their own genomes named mitochondrial DNA (mtDNA), which provides the molecular basis of a plethora of pathological conditions from aging, diabetes, cancer, myopathy, deafness, Alzheimer’s disease, Parkinson’s disease, to immunodeficiency (12–14). MtDNA aberrations regulate apoptosis signaling (15–17), one of the critical mechanisms that are intrinsically linked to the pool size, development, and function of T lymphocytes (18–23).

Over the past two decades, characterization of mtDNA mutations in PLWH has been constructed in participants of European and American ancestries, with foci on the antiretroviral toxicities on mtDNA maintenance in PLWH. These earlier studies usually delineated one specific dimension of the mtDNA genome based on commonly used metrics, such as the frequencies of specific nucleotide variants, within a relatively small sample size (ranging from 14 to 87 HIV-infected participants) (24–27). Nevertheless, partially due to absence of more diverse characterization metrics and larger samples, it has been difficult to elucidate gender-, age-, and immune level-specific mtDNA patterns that can point out risky PLWH susceptible to aberrant mtDNA mutagenesis. Growing evidence shows that CD4+T-cell loss-related noncommunicable chronic diseases (NCDs) emerge as pervasive health concerns in HIV-infected populations (28–30) and expansion of mitochondrial DNA mutations linked to increased apoptosis drives aging and age-related diseases (31, 32). Design and applications of mtDNA screening and intervention to HIV-infected patients who are burdened with mtDNA mutations may personalize the complicated management of CD4+T-cell loss and relevant chronic diseases in HIV patient care. Identification of risky PLWH through a more comprehensive molecular portrait of host mtDNA in PLWH is an important part of these design and applications.

Two larger Euromerican cohort studies (633 and 423 participants, respectively) studied the contributions of mtDNA mutations at a resolution of the composite haplogroup and/or individual variant to AIDS progression/CD4+T-cell recovery, both using CD4+T-cell counts as outcomes (14, 33). Similarly, two smaller European studies (469 participants with cross-sectional design and 275 participants with cohort design, respectively) studied the associations between mtDNA haplogroups and AIDS progression/CD4+T cell recovery (34, 35). However, as mtDNA sequences are remarkably diverse in different regions (36, 37), it is difficult to transfer previous results directly to East-Asian PLWH. A mtDNA genome-wide study targeting East-Asian regions is necessary. Furthermore, most of the previous studies did not study how mtDNA correlates with CD4+T cell recovery within ~48-week antiretroviral treatment, and they usually selected mtDNA variants composing specific mtDNA haplogroups. It remains unclear as to whether mtDNA variants within a specific haplogroup and other mtDNA variants not attached to specific haplogroups could inform personalized diagnosis and treatment for short-term CD4+T-cell recovery.

In this paper, we first delineated the baseline mutational profiles of mtDNA including mutational diversity, volume, and prevalence, bias and physicochemical properties of amino acid changes in 856 ART-naïve Chinese PLWH, then investigated gender-, age-, and immune level-related mutational patterns at the subpopulation level, and finally systematically assessed the contributions of single nucleotide variants across the complete mtDNA genome to short-term CD4+T-cell recovery.



Materials and Methods


Study Participants

We profiled the complete mtDNA in ART-naïve PLWH registered with the Comparative HIV and Aging Research in Taizhou (CHART) cohort (38) and China National HIV/AIDS Comprehensive Response Information Management System (CRIMS) (39). Eight hundred fifty-six newly diagnosed HIV-infected individuals in Taizhou prefecture of Zhejiang province in east China from 2003 to 2017 were inform consented to participate in this study. The baseline and follow-up demographic, clinical, and laboratory information of participants at the pre-ART visits (refer to the visits at HIV diagnosis) and at the post-ART visits was retrieved from CRIMS (39).

To investigate patterns of mtDNA mutations under different gender, age, and pre-ART immune states, we performed ethnicity-stratified (33, 40) analyses in 806 ART-naïve Chinese PLWH with the dominant Han ethnic background (occupying 94% of all participants), and ensured at least five participants with the identical ethnicity in each of 16 subpopulations classified by gender (male; female), age [17–29; 30–44; 45–59; ≥60 (in years)], and immune levels at the pre-ART visit [severe immunodeficiency: CD4 <200; mild immunodeficiency: CD4 ≥200 (in cells/μl) (41)] (Supplementary Table S1). The studies involving human participants were reviewed and approved by the Institutional Review Board of Fudan University. The participants provided their written informed consent to participate in this study.



Mitochondrial DNA Sequencing, Nucleotide Variant Calling, and Haplogroup Classification

MtDNA was extracted from whole blood for each individual at the pre-ART visit using QIAamp DNA blood mini Kit (Qiagen, Hilden, Germany). For 679 untreated PLWH, four overlapping segments of mtDNA were amplified by polymerase chain reaction (PCR) using four standard pairs of primers (Supplementary Table S2A). Each segment was ~4,800 bp in length and overlapped with the neighboring fragments by over 500 bp, to prevent the amplification of nuclear mitochondrial pseudogenes (nuMTs) (42, 43). LA Taq Version 2.0 plus dye Kits (Sangon Biotechnologies, Inc., Shanghai, China) were used for PCR assay with the following procedures: an initial 94°C for 1 min, followed by 30 cycles of 94°C for 30 s, 66.5°C for 5 min, and 72°C extending for 10 min. The PCR products were directly sequenced by 47 internal primers (Supplementary Table S2B) in Sangon Biotechnologies, Inc (42, 44, 45). and were assembled using the Sequencher5.4 software (Gene Codes Corporation, Ann Arbor, MI, USA) relative to the Revised Cambridge Reference Sequence (rCRS) (46, 47). Sequence variants were determined by the pairwise sequence alignment relative to the rCRS on the EMBOSS Needle Platform (48). For the other 177 untreated PLWH, the standard procedure of GeneChip Human Mitochondrial Resequencing Array v2.0 (Affymetrix, Santa Clara, CA, USA) was employed to sequence the entire mtDNA. Array intensity data and base variant calling were processed through the standard MitoChip Filtering Protocol which outputted the average call rate of 99.75% (49). Welch t-test was performed to compare the distributions of mtDNA substitutions in participants using two different sequencing platforms, and no statistically significant differences were found (p = 0.875). As Affymetrix GeneChip was unable to identify insertions and deletions (indels) accurately, we only described the distributions of indels in 679 participants, without any downstream analyses on indels across 16 subpopulations and mtDNA genome-wide association study that needed pooled mtDNA information from two sequencing platforms. For all 856 participants, haplogroups were assigned using HaploGrep 2 and Phylotree Build 17 (50, 51).



Metrics to Characterize Mitochondrial DNA

Mutational diversity was defined as the number of distinct types of nucleotide variants (Supplementary Table S1) across the mtDNA, and mutational volume was defined as the number of counts of nucleotide variants across the mtDNA. At the same population scale, mutational diversity is lower bound on mutational volume, as duplicate types of nucleotide variants occur at the same nucleotide site. However, at the individual scale, mutational diversity equals mutational volume. These two metrics have several variations, as nucleotide variants can be further subdivided into synonymous and nonsynonymous substitutions, and indels. For instance, diversity of nonsynonymous substitutions was defined as the number of distinct types of nonsynonymous substitutions. Diversity density was defined as the diversity of substitutions divided by the sample size per subpopulation and kilobase pair size per macrodivision across the mtDNA. Relative diversity was defined as the observed number of distinct types of definite substitutions relative to all possible substitutions deduced from the human mitochondrial genetic code and rCRS, across the mitochondrial coding regions. Both two metrics also have several variations, as substitutions can be further subdivided into synonymous substitutions, nonsynonymous substitutions, transitions, and transversions. A definite substitution refers to a base mutation into a specified purine or pyrimidine (such as A>T), whereas an ambiguous substitution refers to a base mutation into a mixture of bases [such as A>R (A or G)] (52). 96% (2,137) of the total of 2,221 distinct types of substitutions were definite in this study. Relative diversity density was defined as the observed number of distinct types of definite substitutions divided by the sample size of each subpopulation relative to all possible substitutions, across the mitochondrial coding regions. This metric has several variations, as substitutions can be further subdivided into synonymous substitutions, nonsynonymous substitutions, transitions, and transversions. Momentum was defined as the average increase in the observed number of distinct types of definite substitutions divided by the sample size of each subpopulation per unit increase in the maximum number of synonymous/nonsynonymous substitutions, across the mitochondrial coding regions. This index is measured by the linear slope (β) of relative diversity density of synonymous/nonsynonymous substitutions. The lower the β is, the higher the momentum is, or vice versa. Bias of amino acid changes was defined as the proportion of the observed number of changes to a different amino acid which are deduced from distinct types of definitive nonsynonymous substitutions, relative to the maximum number of changes to this amino acid. Bias density of amino acid changes was defined as the proportion of the observed number of changes to a different amino acid divided by the sample size of each subpopulation relative to the maximum number of changes to this amino acid. Physicochemical property change of amino acid changes was defined as the prevalence of each type of physicochemical alterations brought by amino acid changes which are deduced from distinct types of definitive non-synonymous substitutions. Physicochemical property change density of amino acid changes was defined as the prevalence of each type of physicochemical alterations brought by amino acid changes which are deduced from distinct types of definite nonsynonymous substitutions, divided by the sample size of each subpopulation. When assessing the mutational patterns related to different levels of gender, age, and immunity across suppopulations, we combined the control region (D-loop), 24 RNAs and 13 protein-coding genes into seven macrodivisions (D-loop; RNRs1-2(RNRs); 22tRNAs(tRNAs); NDs1-6, 4L(NDs); COs1-3(COs); ATPs6,8(ATPs); CYB), given biological significance (53), and zero or too low-level mutation in some mtDNA genes.



Mitochondrial DNA Genome-Wide Association Study

As indel information of 177 (21%) participants taking the Affymetrix gene chip sequencing was lost, only substitutions were studied in association analyses. To investigate the robust and independent associations between mtDNA substitutions and CD4+T-cell recovery, the least absolute deviation-based bootstrapping median regression with 1,000 replications (54) was performed when residuals’ homoscedasticity and normality required by the ordinary least squares regression was violated (55). Two hundred eighty-seven substitutions with prevalence between 1% (8 counts) and 99% (716 counts) in 724 participants were used. In the regression models using the pre-ART dataset, CD4+T-cell count at the pre-ART visit (continuous) was the dependent variable, 287 substitutions were the independent variables, and gender (male, female), age at the pre-ART visit (continuous), ethnicity (Han, other minorities), as well as HIV transmission mode [heterosexual, homosexual (14, 56), others] were the covariates. In the regression models using the post-ART dataset, CD4+T-cell count at the post-ART visit (continuous) was the dependent variable, 287 substitutions were the independent variables, and aforementioned covariates as well as CD4+T-cell count at the pre-ART visit (continuous), ART regimens (efavirenz/nevirapine+lamivudine+zidovudine (57, 58), efavirenz/nevirapine+lamivudine+stavudine (59), others), and ART treatment duration [<3, ≥3 (month)] were the covariates. As 574 multivariate regressions were performed using the same dataset, the Bonferroni-corrected threshold for p-value was set as 8.71 × 10−5 (0.05/574 tests).



Other Statistical Analyses

Linear regressions were performed to test the relationships between the observed number of definite synonymous/nonsynonymous/transitional/transversional substitutions and the maximum number of synonymous/nonsynonymous/transitional/transversional substitutions as well as to test age-related trends of mutational diversity and volume when age was ordinally categorized into four groups (60). Wilcoxon rank sum test was used to compare the overall distributions of bias densities of amino acid changes between subpopulations of pre-ART CD4 <200 and gender- and age-matched counterparts of pre-ART CD4 ≥200.

All statistical tests were two-tailed. All statistical analyses were performed using the Excel 2016 (Microsoft, Redmond, WA, USA), R version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria), Stata 15 (StataCorp, College Station, TX, USA), or OriginPro 2020 (OriginLab, Northampton, MA, USA) whichever was appropriate.




Results


Participant Characteristics

Eight hundred fifty-six ART-naïve PLWH in Taizhou, a coastal prefecture of Zhejiang province in Eastern China, were enrolled; 74% were men. The median age was 37 years (interquartile range: 28–47 years); 95% were of the major Han ethnicity, and 69% and 29% were heterosexually and homosexually infected with HIV, respectively. The median pre-ART CD4+T-cell count at baseline enrollment was 219 cells/μl (interquartile range: 149–295 cells/μl), and 41% of participants had their CD4+T-cell counts lower than 200 cells/μl. Thirteen mtDNA major haplogroups (A, B, C, D, E, F, G, M, N, R, T, Y, and Z) were identified, of which D was the most prevalent, followed by M and F (Table 1). The distribution of subhaplogroups was shown in the classification tree (Figure 1). Seven hundred twenty-two (84.3%) participants had post-ART CD4+T-cell counts within the first 12 months after ART initiation, and two individuals had post-ART CD4+T-cell counts at the 14th- and 16th-month visits from the dates of their ART initiation, respectively. These 724 participants and overall 856 participants were similar in the distributions of gender, age, ethnicity, HIV transmission mode, CD4+T-cell count, and mtDNA haplogroup. The median change from pre- to post-ART in the CD4+T-cell count was 70 cells/μl (interquartile range: 12–142 cells/μl), and 77% of participants consistently took efavirenz/nevirapine + zidovudine + lamivudine (Table 1).


Table 1 | Sociodemographic, clinical, and laboratory characteristics of participants.






Figure 1 | Classification tree of mtDNA haplotypes presenting the distributions of haplogroups in untreated PLWH. The red capital letters denote the major haplogroups, the black letters and/or numbers denote the subhaplogroups, and the purple numbers denote the frequency of each subhaplogroup.





Profiles of Mitochondrial DNA in 856 ART-Naïve Chinese PLWH

Eight hundred fifty-six participants showed 2,222 types of substitutions (30,578 counts) and 130 types of insertions and deletions (indels) (1,794 counts). Of those, 1,609 types (68% or 1,609/2,352) located in the protein-coding genes. The list of all identified mutations was included in Supplementary Table S3. Mutational diversity peaked in D-loop (18% or 430/2,352), ND5 (11% or 250/2,352), and CYB (8% or 196/2,352), whereas mutational volume peaked in D-loop (30% or 9,785/32,372), CYB (12% or 3,808/32,372), and RNR1 (7% or 2,330/32,372). Diversity of synonymous substitutions peaked in ND5 (180), CO1 (137), and CYB (118), whereas diversity of nonsynonymous substitutions peaked in CYB (76), ND5 (72), and ATP6 (71). Volume of synonymous substitutions peaked in CYB (1,807), ND4 (1,697), and CO1 (1,695), whereas volume of nonsynonymous substitutions peaked in CYB (1,999), ATP6 (1,701), and ND5 (656) (Figures 2A, B). Relative diversity of synonymous and nonsynonymous substitutions was 13.0% (1,075 out of 8,291 possible) and 1.8% (469 out of 25,894 possible), respectively. We observed a strong consistency in relative diversity of synonymous substitutions across all protein-coding genes (R2 = 0.97, Figure 3A). However, this consistency was less pronounced for nonsynonymous substitutions (R2 = 0.37), where ATP6 and ATP8 had richer relative diversity but CO1, ND4, and ND5 had poorer relative diversity (Figure 3B).




Figure 2 | Diversity (A) and volume (B) of mtDNA substitutions in untreated PLWH.






Figure 3 | Relative diversity of mtDNA synonymous (A) and nonsynonymous (B) substitutions in untreated PLWH.



The most prevalent amino acid change was from threonine (T) to alanine (A), followed by from A to T and from isoleucine (I) to valine (V) (Figure 4A). Marked bias towards amino acids changing to A and T were observed, suggesting a higher proportion of all possible changes to these two amino acids. By contrast, the other amino acids showed a relatively linear relationship between the observed number and total number of changes to a new amino acid, indicating that these variations were occurring at a roughly equal rate (Figure 4B). The most frequent alteration in the acidity and polarity properties of amino acids was from neutral apolar to neutral polar (25% or 117/460) (Figure 4C). Extensive profiles concerning the hydropathy, volume, chemical, charge, hydrogen donor or acceptor atoms, and polarity of amino acid replacements (61) are shown in Supplementary Table S4.




Figure 4 | Prevalence (A), bias (B), and physicochemical property change (C) of amino acid changes in untreated PLWH.





Gender-, Age-, and Immune Level-Related Mutational Patterns of mtDNA in 806 ART-Naive Han Ethnic PLWH

At each age and immune level, female PLWH had stronger momentum in both synonymous and nonsynonymous substitutions than male PLWH (Figure 5) . On average, female PLWH showed ~1.86-fold and ~2.06-fold stronger momentum of synonymous and nonsynonymous substitutions than age- and immune level-matched male PLWH. In PLWH with severe immunodeficiency, females showed more radical age-related uptrends of momentum of synonymous and nonsynonymous substitutions, compared with male counterparts (synonymous: βfemale = 2 x 10−4 vs. βmale = −1 x 10−6; nonsynonymous: βfemale = 1 x 10−4 vs. βmale = 5 x 10−7). By contrast, in PLWH with mild immunodeficiency, both females and males showed age-related uptrends of momentum of synonymous and nonsynonymous substitutions, though the extent of uptrends was more intense in females (synonymous: βfemale = 2 x 10−4 vs. βmale = 6 x 10−5; nonsynonymous: βfemale = 1 x 10−4 vs. βmale = 3 x 10−5; Figure 5 and Supplementary Table S5).




Figure 5 | Momentum in diversity of synonymous (A), and non-synonymous (B) substitutions in untreated PLWH with severe immunodeficiency and of synonymous (C) and non-synonymous (D) substitutions in untreated PLWH with mild immunodeficiency.



Female PLWH with severe immunodeficiency, compared with female PLWH with mild immunodeficiency, experienced more radical age-related uptrends in diversity density of substitutions in D-loop (βCD4 <200 = 0.80 vs. βCD4 ≥200 = 0.51), RNRs (βCD4 <200 = 0.12 vs. βCD4 ≥200 = 0.09), tRNAs (βCD4 <200 = 0.08 vs. βCD4 ≥200 = 0.05), NDs (βCD4 <200 = 0.17 vs. βCD4 ≥200 = 0.11), and ATPs (βCD4 <200 = 0.20 vs. βCD4 ≥200 = 0.13; Figures 6A and 7A). This contrast applied to the age-related uptrends in diversity density of synonymous substitutions for ATPs (βCD4 <200 = 0.020 vs. βCD4 ≥200 = 0.003), and CYB (βCD4 <200 = 0.11 vs. βCD4 ≥200 = 0.06; Figures 6B and 7B), and nonsynonymous substitutions for NDs (βCD4 <200 = 0.09 vs. βCD4 ≥200 = 0.02) and ATPs (βCD4 <200 = 0.18 vs. βCD4 ≥200 = 0.12; Figures 6C and 7C). By contrast, male PLWH with mild immunodeficiency, compared with male PLWH with severe immunodeficiency, showed more radical age-related uptrends in diversity density of substitutions in D-loop (βCD4 ≥200 = 0.30 vs. βCD4 <200 = 0.14), RNRs (βCD4 ≥200 = 0.04 vs. βCD4 <200 = 0.01), NDs (βCD4 ≥200 = 0.050 vs. βCD4 <200 = 0.001), COs (βCD4 ≥200 = 0.030 vs. βCD4 <200 = −0.003), and CYBs (βCD4 ≥200 = 0.05 vs. βCD4 <200 = −0.02) (Figures 8A and 9A). The former population also showed more radical age-related uptrends in diversity density of synonymous substitutions for NDs (βCD4 ≥200 = 0.030 vs. βCD4 <200 = 0.002) and COs (βCD4 ≥200 = 0.03 vs. βCD4 <200 = −0.01; Figures 8B and 9B), and nonsynonymous substitutions for NDs (βCD4 ≥200 = 0.02 vs. βCD4 <200 = 1 x 10−4) and CYBs (βCD4 ≥200 = 0.03 vs. βCD4 <200 = −0.01; Figures 8C and 9C).




Figure 6 | Age-related trend in diversity density of substitutions (A), synonymous substitutions (B), and non-synonymous substitutions (C) in untreated female PLWH with server immunodeficiency.






Figure 7 | Age related trend in diversity density of substitutions (A), synonymous substitutions (B), and non-synonymous substitutions (C) in untreated female PLWH with mild immunodeficiency.






Figure 8 | Age-related trend in diversity density of substitutions (A), synonymous substitutions (B), and non-synonymous substitutions (C) in untreated male PLWH with severe immunodeficiency.






Figure 9 | Age-related trend in diversity density of substitutions (A), synonymous substitutions (B), and non-synonymous substitutions (C) in untreated male PLWH with mild immunodeficiency.



Female PLWH with severe immunodeficiency, compared with male PLWH with severe immunodeficiency, carried more radical age-related uptrends of diversity density of substitutions in more mtDNA divisions including D-loop (βfemale = 0.80 vs. βmale = 0.14), RNRs (βfemale = 0.12 vs. βmale = 0.01), tRNAs (βfemale = 0.08 vs. βmale = 0.03), NDs (βfemale = 0.170 vs. βmale = 0.001), ATPs (βfemale = 0.20 vs. βmale = 0.06), and CYB (βfemale = 0.11 vs. βmale = −0.02; Figures 6A and 8A). This contrast applied to the age-related uptrends of diversity density of synonymous substitutions for NDs (βfemale = 0.080 vs. βmale = 0.002), ATPs (βfemale = 0.02 vs. βmale = −0.02), and CYB (βfemale = 0.11 vs. βmale = −0.01; Figures 6B and 8B), and nonsynonymous substitutions for NDs (βfemale = 0.09 vs. βmale = 1 x 10-4) and ATPs (βfemale = 0.18 vs. βmale = 0.08; Figure 6C and 8C), respectively. These results were aligned with age-related uptrends of momentum of synonymous and nonsynonymous substitutions in females and males with severe immunodeficiency (Figures 5A, B).

However, the remarkable differences between females and males with severe immunodeficiency in age-related mutational uptrends were weakened between females and males with mild immunodeficiency. Smaller differences between females and males with mild immunodeficiency in age-related uptrends of substitutions were shown in D-loop (βfemale = 0.51 vs. βmale = 0.30), RNRs (βfemale = 0.09 vs. βmale = 0.04), NDs (βfemale = 0.11 vs. βmale = 0.05), and ATPs (βfemale = 0.13 vs. βmale = 0.05; Figures 7A and 9A), synonymous substitutions for NDs (βfemale = 0.09 vs. βmale = 0.03; Figures 7B and 9B), and nonsynonymous substitutions for NDs (βfemale = 0.02 vs. βmale = 0.02) and COs (βfemale = 0.01 vs. βmale = -0.01; Figures 7C and 9C), respectively. These results were aligned with age-related uptrends of momentum of synonymous and nonsynonymous substitutions in females and males with mild immunodeficiency (Figures 5C, D). Other interesting mtDNA features are shown in the Supplementary Text 1.



Associations of mtDNA Substitutions With Pre-ART CD4+T-Cell Counts and Changes From Pre-ART to Post-ART in the CD4+T-Cell Count of PLWH

After adjustments of gender, age, ethnicity, and transmission mode, m.14470T>C (p = 0.019) and m.16362T>C (p = 0.016) were negatively associated with pre-ART CD4+T-cell count. After adjustments of gender, age, ethnicity, transmission mode, pre-ART CD4+T-cell count, ART regimens, and treatment duration, m.1005T>C (p = 0.005), m.1824T>C (p = 0.025), m.3394T>C (p = 0.006), m.4491G>A (p = 0.013), m.7828A>G (p = 0.025), m.9814T>C (p = 0.008), m.10586G>A (p = 0.025), m.12338T>C (p = 0.025), m.13708G>A (p = 0.035), and m.14308T>C (p = 8.22 × 10−5) were negatively associated with changes from pre-ART to post-ART in the CD4+T-cell count. Of them, m.14308T>C in ND6 conferred risks for CD4+T-cell recovery at the Bonferroni-corrected significance (nominal p-value <8.71 × 10−5 given 574 tests using the same dataset). By contrast, m.93A>G (p = 0.003), m.15218A>G (p = 0.030), and m.16399A>G (p = 0.010) were positively associated with changes from pre-ART to post-ART in the CD4+T-cell count (Table 2 and Supplementary Tables S6, S7).


Table 2 | Significant associations of mtDNA substitutions with CD4+T-cell counts in mitochondrial genome-wide association analyses.






Discussion

This work comprehensively characterizes the mutational features of mtDNA and identifies the contributions of mtDNA mutations to short-term CD4+T-cell recovery in Chinese PLWH. We elucidate the roles of single-nucleotide variants across mtDNA genomes in CD4+T-cell recovery within short-term antiretroviral medications on the basis of a prospective cohort of PLWH who started ART immediately after being newly diagnosed as HIV seropositivity. Eight hundred fifty-six full-length mtDNA sequences of East-Asian ancestry may add diversity to the global mtDNA genome datasets and benefit other associative mtDNA genetic analyses to evoke the medical relevance for East-Asian PLWH.

Because of diverse characterization metrics and a relatively large sample size, we first demonstrate that female PLWH rather than male PLWH carried stronger momentum in mutational diversity of nonsynonymous substitutions and female PLWH with severe immunodeficiency rather than male counterparts showed more radical age-related uptrends in nonsynonymous momentum and nonsynonymous diversity for mtDNA protein-coding genes such as NDs and ATPs. These results suggest mutational processes of mtDNA may be more exacerbated in female PLWH than male PLWH, which may predispose female PLWH to mtDNA aberrancy-related pathological conditions such as aging and age-related NCDs. Our identification of female PLWH as a risky population of aging and age-related NCDs inferred from its distinctive mtDNA features, coupled with premature aging in the female PLWH rather than male PLWH inferred from subjective complaints (62), may help the development of gender-based strategies for complicated HIV patient care due to CD4+T-cell loss. In general, females are prone to healthier aging and longer lifespans than males, because of efficient oxidative phosphorylation and low generation of reactive oxygen species (ROS) mediated by estrogen (63). However, compared with male PLWH, female PLWH was estimated to have lower life expectancy and momentum (64), which cannot be easily attributed to the previously defined role of estrogen in shaping the redox features. Given that mitochondrial oxidative stress amassed in the aging process interacts with mtDNA maintenance (65, 66), intensified mtDNA mutational diversity in female PLWH observed in our study, coupled with female-biased enrichment of mitochondrial oxidative stress (67–69) may provide an alternative explanation to the abnormal disparities of aging and life expectancy in the two sexes of PLWH.

Interestingly, we observe correlations between mild immunodeficiency and more radical age-related mutational uptrends in male PLWH, while this observation does not apply to female PLWH. In response to exacerbated mitochondrial dysfunction under severer immunodeficiency (70) and older age (71), nonselective proliferation of mtDNA occur to eliminate mutations in nondividing cells (72). Inferring from those findings, we speculate that male PLWH with severe immunodeficiency may enrich the stronger random genetic drift to purify mtDNA mutations whereas female counterparts may lack this purification mechanism. Studies on characteristics of mtDNA genetic drift between two sexes are needed to examine our speculation.

To pinpoint the contributions of mtDNA mutations to short-term CD4+T-cell recovery systematically and reliably, we probed single-nucleotide variants across the complete mtDNA sequences by excluding the potential bias from age, gender, ethnicity, transmission mode, pre-ART CD4+T-cell count, ART regimens, and ART treatment duration in the regression analyses, which have not been achieved in the previous Euromerican studies adequately (14, 33–35). A majority of single-nucleotide variants defining statistically significant haplogroups in Euromerican PLWH, for example, m.3010 G>A, m.14798T>C, and 15257G>A of haplogroup J (14, 35), m.14793A>G of haplogroup U5a, m.14798T>C of haplogroup Uk (14), polymorphisms at mtDNA nucleotide positions 2789, 7175, 7274, 7771, 9221, 10115, 11914, 13590, 13803, 14566, and 16390 of haplogroup L2 (33), polymorphisms at 4577 and 7025 of haplogroup HV (34, 35), and polymorphisms at 13366 and 13704 of haplogroup JT (35)), were not statistically significant in Chinese PLWH of this study. A variant m.15218A>G of haplogroup U5a1 (14) exerted an opposite protective effect on CD4+T-cell counts in Chinese PLWH. To our surprise, no matter in Euromerican PLWH (14) or our Chinese PLWH, 3394T>C and m.13708G>A of haplogroup J were negatively associated with CD4+T-cell counts. Many mtDNA haplogroups or single-nucleotide variants in Euromerican PLWH did not reach Bonferroni-corrected significance. Here, we show a variant m.14308T>C in ND6 which conferred statistically significant risks for CD4+T-cell recovery after Bonferroni correction. m.14308T>C is a synonymous substitution which uses a tRNA anticodon CCU rather than the wild-type CCC. Differences in tRNA abundance may underlie the negative effect of this variant on CD4+T-cell recovery in response to ART (73).

We show that the ND region carried over half (six of 10) of statistically significant mutations associated with poor CD4 cell recovery. Mutations in the ND region may regulate CD4+T-cell counts through the disrupted pyroptosis and apoptosis processes in a HIV-related ROS-rich environment. Defects in ND1 and ND6 cause ROS overproduction (74, 75). ROS toxicity interacts with the mitochondrial-associated inflammasome, which promotes the binding between absent in melanoma 2 (AIM2) and mtDNA, where caspase 1, known to mediate pyroptosis that contributes to the death of over 95% of quiescent CD4+T cells by abortive viral infection, is further activated (76, 77). ROS-induced oxidative stress promotes the mitochondrial permeability transition pore, which triggers the release of cytochrome c and the conversion from procaspase-3 to caspase 3 (78). Caspase 3 facilitates the apoptosis of productively infected CD4+T cells (76). Moreover, HIV-1-encoded proteins can lead to the excessive amount of ROS (79) and trigger mitochondrial membrane permeabilization, an event of HIV-1-induced apoptosis (80). Interestingly, a variant m.3394T>C in ND1 risky for short-term CD4+T-cell recovery which was found in our regression analyses contributes to the development of East-Asian metabolic syndrome and type 2 diabetes mellitus (81–84). Given that our study is a preliminary report of mtDNA mutation-CD4+T-cell recovery associations, more in vitro and in vivo studies are needed to examine the functional mechanisms behind those associations, which may relate to the cyto-destructive nature of mtDNA mutations in up-regulating ROS, and connections of those associations and mechanisms to the development of chronic diseases in the HIV context.

We show that ART-naive female PLWH had age-related uptrends in mtDNA mutational momentum and diversity, consistent with the hypothesis that mtDNA mutations may be a key molecular mechanism for aging (85–87), and the phenomenon that mtDNA mutational burdens increase with ages in female PLWH (88). Similar to general populations (89–91) and HIV-infected populations (25, 26, 92), we show that D-loop harbored the highest mutational diversities and volumes in 856 ART-naïve PLWH. Similar to mutational characteristics derived from 5,140 human mtDNA (93), we show that the observed number of types of synonymous substitutions rather than nonsynonymous substitutions linearly correlated with the maximum possible changes; a higher proportion of all possible changes occurred in A and T; and the most prevalent acidity and polarity change was from neutral apolar to neutral polar.


Limitations

Small number of participants in some subpopulations needs additional replication of our findings in large-scale cohort studies that ensure the sufficient sample size after stratification by ethnicity, age, gender, and immune level. Furthermore, comparable gender-, age-, ethnicity-matched HIV-negative populations need to be included so that it is possible to distinguish mtDNA mutational patterns between general populations and PLWH precisely.




Conclusion

We report baseline mtDNA characteristics in ART-naïve Chinese PLWH, showing different levels of gender, age, and immunity present diverse mtDNA mutational features. Specially, females rather than males bore more rise in mutational momentum and diversity with increasing age and experienced a remarkable correlation between severer immunodeficiency and age-related uptrends of mutational diversity in many mtDNA regions. Given that mtDNA plays an important role in aging and age-related NCDs, our results stress the attention to East-Asian female PLWH who may be at risk of CD4+T-cell loss-related aging and NCDs. This may further evoke the applications of mtDNA screening and intervention to personalize the complicated HIV patient management due to CD4+T-cell loss. Furthermore, mtDNA variants identified in regression analyses explain the variability of short-term CD4+T-cell recovery of East-Asian PLWH. Whether statistically significant relationships in our mtDNA genome-wide association study are causal remains to be examined by the functional mechanism experiments, but our finding clearly highlights the potential of mtDNA in informing immune recovery strategies in PLWH.



Data Availability Statement

The original contributions presented in the study are publicly available. This data can be found here: GenBank, accession numbers OL697409 - OL697708.



Ethics Statement

The studies involving human participants were reviewed and approved by the Institutional Review Board of Fudan University. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

AL and NH proposed and developed the research question. AL designed and performed the bioinformatics and statistical analyses. AL and NH wrote, reviewed, and edited the manuscript. NH generally designed and supervised the study. QW and DZ performed the entire mtDNA sequencing experiments. HL and YD supervised field investigation, data management, and reviewed the manuscript. YS advised on bioinformatics analyses and reviewed and edited the manuscript. JH, ZM, SZ, XC, WS, and MG contributed to data collection. FL contributed to bioinformatics analyses. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the China National Science and Technology Major Projects on Infectious Diseases (2018ZX10721102-004) and the National Natural Science Foundation of China (81773485, 81872671, 81803291) and partially supported by the Shanghai Municipal Health Commission (GWV-10.1-XK16; GWTD2015S05).



Acknowledgments

We thank Professor Douglas C. Wallace (Center for Mitochondrial and Epigenomic Medicine, The Children’s Hospital of Philadelphia, Philadelphia, PA, USA) for his generous review on our manuscript.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.793375/full#supplementary-material

  

References

1. Okoye, AA, and Picker, LJ. CD4(+) T-Cell Depletion in HIV Infection: Mechanisms of Immunological Failure. Immunol Rev (2013) 254(1):54–64. doi: 10.1111/imr.12066

2. Deeks, SG, Overbaugh, J, Phillips, A, and Buchbinder, S. HIV Infection. Nat Rev Dis Primers (2015) 1(1):15035. doi: 10.1038/nrdp.2015.35

3. El-Sadr, WM, Lundgren, J, Neaton, JD, Gordin, F, Abrams, D, Arduino, RC, et al. CD4+ Count-Guided Interruption of Antiretroviral Treatment. N Engl J Med (2006) 355(22):2283–96. doi: 10.1056/NEJMoa062360

4. Smit, C, Geskus, R, Walker, S, Sabin, C, Coutinho, R, Porter, K, et al. Effective Therapy has Altered the Spectrum of Cause-Specific Mortality Following HIV Seroconversion. AIDS (London England) (2006) 20(5):741–9. doi: 10.1097/01.aids.0000216375.99560.a2

5. Baker, JV, Peng, G, Rapkin, J, Krason, D, Reilly, C, Cavert, WP, et al. Poor Initial CD4+ Recovery With Antiretroviral Therapy Prolongs Immune Depletion and Increases Risk for AIDS and non-AIDS Diseases. J Acquir Immune Defic Syndr (1999) (2008) 48(5):541–6. doi: 10.1097/QAI.0b013e31817bebb3

6. World Health Organization. Consolidated Guidelines on the Use of Antiretroviral Drugs for Treating and Preventing HIV Infection: Recommendations for a Public Health Approach – 2nd Ed. France: World Health Organization (2016). Available at: https://www.who.int/hiv/pub/arv/chapter4.pdf?ua=1.

7. Grabar, S, Le Moing, V, Goujard, C, Leport, C, Kazatchkine, MD, Costagliola, D, et al. Clinical Outcome of Patients With HIV-1 Infection According to Immunologic and Virologic Response After 6 Months of Highly Active Antiretroviral Therapy. Ann Intern Med (2000) 133(6):401–10. doi: 10.7326/0003-4819-133-6-200009190-00007

8. Moore, DM, Hogg, RS, Chan, K, Tyndall, M, Yip, B, and Montaner, JS. Disease Progression in Patients With Virological Suppression in Response to HAART Is Associated With the Degree of Immunological Response. AIDS (London England) (2006) 20(3):371–7. doi: 10.1097/01.aids.0000196180.11293.9a

9. Le, T, Wright, EJ, Smith, DM, He, W, Catano, G, Okulicz, JF, et al. Enhanced CD4+ T-Cell Recovery With Earlier HIV-1 Antiretroviral Therapy. N Engl J Med (2013) 368(3):218–30. doi: 10.1056/NEJMoa1110187

10. Fidler, S, Porter, K, Ewings, F, Frater, J, Ramjee, G, Cooper, D, et al. Short-Course Antiretroviral Therapy in Primary HIV Infection. N Engl J Med (2013) 368(3):207–17. doi: 10.1056/NEJMoa1110039

11. Mills, EL, Kelly, B, and O’Neill, LAJ. Mitochondria Are the Powerhouses of Immunity. Nat Immunol (2017) 18(5):488–98. doi: 10.1038/ni.3704

12. DiMauro, S, and Schon, EA. Mitochondrial Respiratory-Chain Diseases. N Engl J Med (2003) 348(26):2656–68. doi: 10.1056/NEJMra022567

13. Wallace, DC. Mitochondrial Genetic Medicine. Nat Genet (2018) 50(12):1642–9. doi: 10.1038/s41588-018-0264-z

14. Hendrickson, SL, Hutcheson, HB, Ruiz-Pesini, E, Poole, JC, Lautenberger, J, Sezgin, E, et al. Mitochondrial DNA Haplogroups Influence AIDS Progression. AIDS (London England) (2008) 22(18):2429–39. doi: 10.1097/QAD.0b013e32831940bb

15. Kujoth, GC, Hiona, A, Pugh, TD, Someya, S, Panzer, K, Wohlgemuth, SE, et al. Mitochondrial DNA Mutations, Oxidative Stress, and Apoptosis in Mammalian Aging. Science (2005) 309(5733):481–4. doi: 10.1126/science.1112125

16. Liu, CY, Lee, CF, Hong, CH, and Wei, YH. Mitochondrial DNA Mutation and Depletion Increase the Susceptibility of Human Cells to Apoptosis. Ann New York Acad Sci (2004) 1011:133–45. doi: 10.1196/annals.1293.014

17. Kroemer, G, Dallaporta, B, and Resche-Rigon, M. The Mitochondrial Death/Life Regulator in Apoptosis and Necrosis. Annu Rev Physiol (1998) 60:619–42. doi: 10.1146/annurev.physiol.60.1.619

18. Hildeman, DA, Mitchell, T, Teague, TK, Henson, P, Day, BJ, Kappler, J, et al. Reactive Oxygen Species Regulate Activation-Induced T Cell Apoptosis. Immunity (1999) 10(6):735–44. doi: 10.1016/S1074-7613(00)80072-2

19. Rathmell, JC, and Thompson, CB. Pathways of Apoptosis in Lymphocyte Development, Homeostasis, and Disease. Cell (2002) 109(Suppl):S97–107. doi: 10.1016/S0092-8674(02)00704-3

20. Zhang, N, Hartig, H, Dzhagalov, I, Draper, D, and He, YW. The Role of Apoptosis in the Development and Function of T Lymphocytes. Cell Res (2005) 15(10):749–69. doi: 10.1038/sj.cr.7290345

21. Panneerselvam, P, Singh, LP, Selvarajan, V, Chng, WJ, Ng, SB, Tan, NS, et al. T-Cell Death Following Immune Activation Is Mediated by Mitochondria-Localized SARM. Cell Death Differ (2013) 20(3):478–89. doi: 10.1038/cdd.2012.144

22. Weinberg, SE, Sena, LA, and Chandel, NS. Mitochondria in the Regulation of Innate and Adaptive Immunity. Immunity (2015) 42(3):406–17. doi: 10.1016/j.immuni.2015.02.002

23. Desdín-Micó, G, Soto-Heredero, G, and Mittelbrunn, M. Mitochondrial Activity in T Cells. Mitochondrion (2018) 41:51–7. doi: 10.1016/j.mito.2017.10.006

24. McComsey, G, Tan, DJ, Lederman, M, Wilson, E, and Wong, LJ. Analysis of the Mitochondrial DNA Genome in the Peripheral Blood Leukocytes of HIV-Infected Patients With or Without Lipoatrophy. AIDS (London England) (2002) 16(4):513–8. doi: 10.1097/00002030-200203080-00001

25. McComsey, G, Bai, RK, Maa, JF, Seekins, D, and Wong, LJ. Extensive Investigations of Mitochondrial DNA Genome in Treated HIV-Infected Subjects: Beyond Mitochondrial DNA Depletion. J Acquir Immune Defic Syndr (1999) (2005) 39(2):181–8.

26. Li, M, Foli, Y, Liu, Z, Wang, G, Hu, Y, Lu, Q, et al. High Frequency of Mitochondrial DNA Mutations in HIV-Infected Treatment-Experienced Individuals. HIV Med (2017) 18(1):45–55. doi: 10.1111/hiv.12390

27. Martin, AM, Hammond, E, Nolan, D, Pace, C, Den Boer, M, Taylor, L, et al. Accumulation of Mitochondrial DNA Mutations in Human Immunodeficiency Virus-Infected Patients Treated With Nucleoside-Analogue Reverse-Transcriptase Inhibitors. Am J Hum Genet (2003) 72(3):549–60. doi: 10.1086/367849

28. Antiretroviral Therapy Cohort Collaboration. Causes of Death in HIV-1-Infected Patients Treated With Antiretroviral Therapy, 1996-2006: Collaborative Analysis of 13 HIV Cohort Studies. Clin Infect Dis: An Off Publ Infect Dis Soc Am (2010) 50(10):1387–96. doi: 10.1086/652283

29. Smit, M, Brinkman, K, Geerlings, S, Smit, C, Thyagarajan, K, Sighem, A, et al. Future Challenges for Clinical Care of an Ageing Population Infected With HIV: A Modelling Study. Lancet Infect Dis (2015) 15(7):810–8. doi: 10.1016/S1473-3099(15)00056-0

30. Smit, M, Perez-Guzman, PN, Mutai, KK, Cassidy, R, Kibachio, J, Kilonzo, N, et al. Mapping the Current and Future Noncommunicable Disease Burden in Kenya by Human Immunodeficiency Virus Status: A Modeling Study. Clin Infect Dis: An Off Publ Infect Dis Soc Am (2020) 71(8):1864–73. doi: 10.1093/cid/ciz1103

31. Trifunovic, A. Mitochondrial DNA and Ageing. Biochim Biophys Acta (2006) 1757(5-6):611–7. doi: 10.1016/j.bbabio.2006.03.003

32. DeBalsi, KL, Hoff, KE, and Copeland, WC. Role of the Mitochondrial DNA Replication Machinery in Mitochondrial DNA Mutagenesis, Aging and Age-Related Diseases. Ageing Res Rev (2017) 33:89–104. doi: 10.1016/j.arr.2016.04.006

33. Grady, BJ, Samuels, DC, Robbins, GK, Selph, D, Canter, JA, Pollard, RB, et al. Mitochondrial Genomics and CD4 T-Cell Count Recovery After Antiretroviral Therapy Initiation in AIDS Clinical Trials Group Study 384. J Acquir Immune Defic Syndr (1999) (2011) 58(4):363–70. doi: 10.1097/QAI.0b013e31822c688b

34. Guzmán-Fulgencio, M, Jiménez, JL, García-Álvarez, M, Bellón, JM, Fernández-Rodriguez, A, Campos, Y, et al. Mitochondrial Haplogroups Are Associated With Clinical Pattern of AIDS Progression in HIV-Infected Patients. J Acquir Immune Defic Syndr (1999) (2013) 63(2):178–83. doi: 10.1097/QAI.0b013e3182893f74

35. Guzmán-Fulgencio, M, Berenguer, J, Micheloud, D, Fernández-Rodríguez, A, García-Álvarez, M, Jiménez-Sousa, MA, et al. European Mitochondrial Haplogroups Are Associated With CD4+ T Cell Recovery in HIV-Infected Patients on Combination Antiretroviral Therapy. J Antimicrob Chemother (2013) 68(10):2349–57. doi: 10.1093/jac/dkt206

36. Wallace, DC. 1994 William Allan Award Address. Mitochondrial DNA Variation in Human Evolution, Degenerative Disease, and Aging. Am J Hum Genet (1995) 57(2):201–23.

37. Denaro, M, Blanc, H, Johnson, MJ, Chen, KH, Wilmsen, E, Cavalli-Sforza, LL, et al. Ethnic Variation in Hpa 1 Endonuclease Cleavage Patterns of Human Mitochondrial DNA. Proc Natl Acad Sci USA (1981) 78(9):5768–72. doi: 10.1073/pnas.78.9.5768

38. Lin, H, Ding, Y, Ning, C, Qiao, X, Chen, X, Chen, X, et al. Age-Specific Associations Between HIV Infection and Carotid Artery Intima-Media Thickness in China: A Cross-Sectional Evaluation of Baseline Data From the CHART Cohort. Lancet HIV (2019) 6(12):e860–8. doi: 10.1016/S2352-3018(19)30263-2

39. Mao, Y, Wu, Z, Poundstone, K, Wang, C, Qin, Q, Ma, Y, et al. Development of a Unified Web-Based National HIV/AIDS Information System in China. Int J Epidemiol (2010) 39(Suppl 2):ii79–89. doi: 10.1093/ije/dyq213

40. Ashar, FN, Zhang, Y, Longchamps, RJ, Lane, J, Moes, A, Grove, ML, et al. Association of Mitochondrial DNA Copy Number With Cardiovascular Disease. JAMA Cardiol (2017) 2(11):1247–55. doi: 10.1001/jamacardio.2017.3683

41. World Health Organization. Hiv/Aids 2020. Available at: https://www.who.int/health-topics/hiv-aids/#tab=tab_1.

42. Wang, HW, Jia, X, Ji, Y, Kong, QP, Zhang, Q, Yao, YG, et al. Strikingly Different Penetrance of LHON in Two Chinese Families With Primary Mutation G11778A Is Independent of Mtdna Haplogroup Background and Secondary Mutation G13708A. Mutat Res (2008) 643(1-2):48–53. doi: 10.1016/j.mrfmmm.2008.06.004

43. Bensasson, D, Zhang, D, Hartl, DL, and Hewitt, GM. Mitochondrial Pseudogenes: Evolution’s Misplaced Witnesses. Trends Ecol Evol (2001) 16(6):314–21. doi: 10.1016/S0169-5347(01)02151-6

44. Zhang, AM, Hu, QX, Liu, FL, Bi, R, Yang, BQ, Zhang, W, et al. Mitochondrial DNA Haplogroup a Decreases the Risk of Drug Addiction But Conversely Increases the Risk of HIV-1 Infection in Chinese Addicts. Mol Neurobiol (2016) 53(6):3873–81. doi: 10.1007/s12035-015-9323-y

45. Kong, QP, Yao, YG, Sun, C, Bandelt, HJ, Zhu, CL, and Zhang, YP. Phylogeny of East Asian Mitochondrial DNA Lineages Inferred From Complete Sequences. Am J Hum Genet (2003) 73(3):671–6. doi: 10.1086/377718

46.Sequencher® Version 5.4 DNA Sequence Analysis Software. Ann Arbor, MI USA: Gene Codes Corporation. Available at: http://www.genecodes.com>http://www.genecodes.com

47. Andrews, RM, Kubacka, I, Chinnery, PF, Lightowlers, RN, Turnbull, DM, and Howell, N. Reanalysis and Revision of the Cambridge Reference Sequence for Human Mitochondrial DNA. Nat Genet (1999) 23(2):147. doi: 10.1038/13779

48. Madeira, F, Park, YM, Lee, J, Buso, N, Gur, T, Madhusoodanan, N, et al. The EMBL-EBI Search and Sequence Analysis Tools Apis in 2019. Nucleic Acids Res (2019) 47(W1):W636–41. doi: 10.1093/nar/gkz268

49. Xie, HM, Perin, JC, Schurr, TG, Dulik, MC, Zhadanov, SI, Baur, JA, et al. Mitochondrial Genome Sequence Analysis: A Custom Bioinformatics Pipeline Substantially Improves Affymetrix Mitochip V2.0 Call Rate and Accuracy. BMC Bioinf (2011) 12:402. doi: 10.1186/1471-2105-12-402

50. Weissensteiner, H, Pacher, D, Kloss-Brandstatter, A, Forer, L, Specht, G, Bandelt, HJ, et al. Haplogrep 2: Mitochondrial Haplogroup Classification in the Era of High-Throughput Sequencing. Nucleic Acids Res (2016) 44(W1):W58–63. doi: 10.1093/nar/gkw233

51. van Oven, M, and Kayser, M. Updated Comprehensive Phylogenetic Tree of Global Human Mitochondrial DNA Variation. Hum Mutat (2009) 30(2):E386–94. doi: 10.1002/humu.20921

52.Nomenclature for Incompletely Specified Bases in Nucleic Acid Sequences. Recommendations 1984. Nomenclature Committee of the International Union of Biochemistry (NC-IUB). Proc Natl Acad Sci USA (1986) 83(1):4–8. doi: 10.1073/pnas.83.1.4

53. Wallace, DC, Lott, MT, and Procaccio, V. Mitochondrial Medicine. Emery and Rimoin’s Principles and Practice of Medical Genetics. Philadelphia: Churchill Livingstone Elsevier (2013). p. 1–153.

54. Hao, L, and Naiman, DQ. Quantile Regression. Thousand Oaks: Sage Publications (2007).

55. Kutner, MH, Nachtsheim, CJ, Neter, J, and Li, W. Applied Linear Statistical Models. 5th Edition. New York: McGraw-Hill/Irwin (2005).

56. Palmer, CD, Tomassilli, J, Sirignano, M, Romero-Tejeda, M, Arnold, KB, Che, D, et al. Enhanced Immune Activation Linked to Endotoxemia in HIV-1 Seronegative MSM. AIDS (London England) (2014) 28(14):2162–6. doi: 10.1097/QAD.0000000000000386

57. Shafer, RW, Smeaton, LM, Robbins, GK, De Gruttola, V, Snyder, SW, D’Aquila, RT, et al. Comparison of Four-Drug Regimens and Pairs of Sequential Three-Drug Regimens as Initial Therapy for HIV-1 Infection. N Engl J Med (2003) 349(24):2304–15. doi: 10.1056/NEJMoa030265

58. Robbins, GK, De Gruttola, V, Shafer, RW, Smeaton, LM, Snyder, SW, Pettinelli, C, et al. Comparison of Sequential Three-Drug Regimens as Initial Therapy for HIV-1 Infection. N Engl J Med (2003) 349(24):2293–303. doi: 10.1056/NEJMoa030264

59. van Leth, F, Phanuphak, P, Ruxrungtham, K, Baraldi, E, Miller, S, Gazzard, B, et al. Comparison of First-Line Antiretroviral Therapy With Regimens Including Nevirapine, Efavirenz, or Both Drugs, Plus Stavudine and Lamivudine: A Randomised Open-Label Trial, the 2NN Study. Lancet (London England) (2004) 363(9417):1253–63. doi: 10.1016/S0140-6736(04)15997-7

60. Pasta, DJ. Learning When to be Discrete: Continuous vs. Categorical Predictors SAS Global Forum 20092009. ICON Clinical Research, San Francisco, CA. (2009). Available at: http://support.sas.com/resources/ papers/proceedings09/248-2009.pdf.

61. Pommie, C, Levadoux, S, Sabatier, R, Lefranc, G, and Lefranc, MP. IMGT Standardized Criteria for Statistical Analysis of Immunoglobulin V-REGION Amino Acid Properties. J Mol Recognit (2004) 17(1):17–32. doi: 10.1002/jmr.647

62. Cardoso, SW, Torres, TS, Santini-Oliveira, M, Marins, LM, Veloso, VG, and Grinsztejn, B. Aging With HIV: A Practical Review. Braz J Infect Dis (2013) 17(4):464–79. doi: 10.1016/j.bjid.2012.11.007

63. Malorni, W, Campesi, I, Straface, E, Vella, S, and Franconi, F. Redox Features of the Cell: A Gender Perspective. Antioxid Redox Signal (2007) 9(11):1779–801. doi: 10.1089/ars.2007.1596

64. Antiretroviral Therapy Cohort Collaboration. Survival of HIV-Positive Patients Starting Antiretroviral Therapy Between 1996 and 2013: A Collaborative Analysis of Cohort Studies. Lancet HIV (2017) 4(8):e349–56. doi: 10.1016/S2352-3018(17)30066-8

65. Hahn, A, and Zuryn, S. Mitochondrial Genome (MtDNA) Mutations That Generate Reactive Oxygen Species. Antioxidants (Basel) (2019) 8(9):392. doi: 10.3390/antiox8090392

66. Lagouge, M, and Larsson, NG. The Role of Mitochondrial DNA Mutations and Free Radicals in Disease and Ageing. J Intern Med (2013) 273(6):529–43. doi: 10.1111/joim.12055

67. Ali, SS, Xiong, C, Lucero, J, Behrens, MM, Dugan, LL, and Quick, KL. Gender Differences in Free Radical Homeostasis During Aging: Shorter-Lived Female C57BL6 Mice Have Increased Oxidative Stress. Aging Cell (2006) 5(6):565–74. doi: 10.1111/j.1474-9726.2006.00252.x

68. Matarrese, P, Colasanti, T, Ascione, B, Margutti, P, Franconi, F, Alessandri, C, et al. Gender Disparity in Susceptibility to Oxidative Stress and Apoptosis Induced by Autoantibodies Specific to RLIP76 in Vascular Cells. Antioxid Redox Signal (2011) 15(11):2825–36. doi: 10.1089/ars.2011.3942

69. Mandas, A, Iorio, EL, Congiu, MG, Balestrieri, C, Mereu, A, Cau, D, et al. Oxidative Imbalance in HIV-1 Infected Patients Treated With Antiretroviral Therapy. J BioMed Biotechnol (2009) 2009:749575. doi: 10.1155/2009/749575

70. Walker, MA, Volpi, S, Sims, KB, Walter, JE, and Traggiai, E. Powering the Immune System: Mitochondria in Immune Function and Deficiency. J Immunol Res (2014) 2014:164309. doi: 10.1155/2014/164309

71. Chistiakov, DA, Sobenin, IA, Revin, VV, Orekhov, AN, and Bobryshev, YV. Mitochondrial Aging and Age-Related Dysfunction of Mitochondria. BioMed Res Int (2014) 2014:238463. doi: 10.1155/2014/238463

72. Elson, JL, Samuels, DC, Turnbull, DM, and Chinnery, PF. Random Intracellular Drift Explains the Clonal Expansion of Mitochondrial DNA Mutations With Age. Am J Hum Genet (2001) 68(3):802–6. doi: 10.1086/318801

73. Kimchi-Sarfaty, C, Oh, JM, Kim, IW, Sauna, ZE, Calcagno, AM, Ambudkar, SV, et al. A “Silent” Polymorphism in the MDR1 Gene Changes Substrate Specificity. Science (2007) 315(5811):525–8. doi: 10.1126/science.1135308

74. Bonora, E, Porcelli, AM, Gasparre, G, Biondi, A, Ghelli, A, Carelli, V, et al. Defective Oxidative Phosphorylation in Thyroid Oncocytic Carcinoma Is Associated With Pathogenic Mitochondrial DNA Mutations Affecting Complexes I and III. Cancer Res (2006) 66(12):6087–96. doi: 10.1158/0008-5472.CAN-06-0171

75. Ishikawa, K, Takenaga, K, Akimoto, M, Koshikawa, N, Yamaguchi, A, Imanishi, H, et al. ROS-Generating Mitochondrial DNA Mutations Can Regulate Tumor Cell Metastasis. Science (2008) 320(5876):661–4. doi: 10.1126/science.1156906

76. Doitsh, G, Galloway, NL, Geng, X, Yang, Z, Monroe, KM, Zepeda, O, et al. Cell Death by Pyroptosis Drives CD4 T-Cell Depletion in HIV-1 Infection. Nature (2014) 505(7484):509–14. doi: 10.1038/nature12940

77. Ivanov, AV, Valuev-Elliston, VT, Ivanova, ON, Kochetkov, SN, Starodubova, ES, Bartosch, B, et al. Oxidative Stress During HIV Infection: Mechanisms and Consequences. Oxid Med Cell Longev (2016) 2016:8910396. doi: 10.1155/2016/8910396

78. Wallace, DC. The Mitochondrial Genome. In:  Jorde, LB, Little, PFR, Dunn, MJ, and Subramaniam, S. Encyclopedia of Genetics, Genomics, Proteomics and Bioinformatics. (2005). doi: 10.1002/047001153X.g105317

79. El-Amine, R, Germini, D, Zakharova, VV, Tsfasman, T, Sheval, EV, Louzada, RAN, et al. HIV-1 Tat Protein Induces DNA Damage in Human Peripheral Blood B-Lymphocytes via Mitochondrial ROS Production. Redox Biol (2018) 15:97–108. doi: 10.1016/j.redox.2017.11.024

80. Ferri, KF, Jacotot, E, Blanco, J, Esté, JA, and Kroemer, G. Mitochondrial Control of Cell Death Induced by HIV-1-Encoded Proteins. Ann New York Acad Sci (2000) 926:149–64. doi: 10.1111/j.1749-6632.2000.tb05609.x

81. Chalkia, D, Chang, YC, Derbeneva, O, Lvova, M, Wang, P, Mishmar, D, et al. Mitochondrial DNA Associations With East Asian Metabolic Syndrome. Biochim Biophys Acta Bioenerg (2018) 1859(9):878–92. doi: 10.1016/j.bbabio.2018.07.002

82. Tang, DL, Zhou, X, Zhou, KY, Li, X, Zhao, L, Liu, F, et al. Association of Mitochondrial DNA Variation With Type 2 Diabetes Mellitus. Zhonghua Yi Xue Yi Chuan Xue Za Zhi (2005) 22(6):636–40. doi: 10.3760/j.issn:1003-9406.2005.06.010

83. Chinnery, PF, Elliott, HR, Patel, S, Lambert, C, Keers, SM, Durham, SE, et al. Role of the Mitochondrial DNA 16184-16193 Poly-C Tract in Type 2 Diabetes. Lancet (London England) (2005) 366(9497):1650–1. doi: 10.1016/S0140-6736(05)67492-2

84. Wang, SJ, Wu, SH, Zheng, TS, Wang, L, Lu, HJ, and Xiang, KS. Study on the Mitochondrial DNA Mutations in Familial Diabetes Mellitus in Chinese Population. Zhonghua Yi Xue Yi Chuan Xue Za Zhi (2009) 26(1):6–10. doi: 10.3760/cma.j.issn.1003-9406.2009.01.002

85. Linnane, AW, Marzuki, S, Ozawa, T, and Tanaka, M. Mitochondrial DNA Mutations as an Important Contributor to Ageing and Degenerative Diseases. Lancet (London England) (1989) 1(8639):642–5. doi: 10.1016/S0140-6736(89)92145-4

86. Harman, D. Free Radical Theory of Aging: Consequences of Mitochondrial Aging. AGE (1983) 6(3):86–94. doi: 10.1007/BF02432509

87. Ross, JM, Stewart, JB, Hagström, E, Brené, S, Mourier, A, Coppotelli, G, et al. Germline Mitochondrial DNA Mutations Aggravate Ageing and can Impair Brain Development. Nature (2013) 501(7467):412–5. doi: 10.1038/nature12474

88. Ziada, AS, Lu, MY, Ignas-Menzies, J, Paintsil, E, Li, M, Ogbuagu, O, et al. Mitochondrial DNA Somatic Mutation Burden and Heteroplasmy Are Associated With Chronological Age, Smoking, and HIV Infection. Aging Cell (2019) 18(6):e13018. doi: 10.1111/acel.13018

89. Stoneking, M, Hedgecock, D, Higuchi, RG, Vigilant, L, and Erlich, HA. Population Variation of Human Mtdna Control Region Sequences Detected by Enzymatic Amplification and Sequence-Specific Oligonucleotide Probes. Am J Hum Genet (1991) 48(2):370–82.

90. Cann, RL, Stoneking, M, and Wilson, AC. Mitochondrial DNA and Human Evolution. Nature (1987) 325(6099):31–6. doi: 10.1038/325031a0

91. Yao, YG, Kong, QP, Bandelt, HJ, Kivisild, T, and Zhang, YP. Phylogeographic Differentiation of Mitochondrial DNA in Han Chinese. Am J Hum Genet (2002) 70(3):635–51. doi: 10.1086/338999

92. Ouyang, Y, Wei, F, Qiao, L, Liu, K, Dong, Y, Guo, X, et al. Mitochondrial DNA Mutations Accumulated in HIV-1-Infected Children Who Have an Excellent Virological Response When Exposed to Long-Term Antiretroviral Therapy. J Antimicrob Chemother (2018) 73(11):3114–21. doi: 10.1093/jac/dky282

93. Pereira, L, Freitas, F, Fernandes, V, Pereira, JB, Costa, MD, Costa, S, et al. The Diversity Present in 5140 Human Mitochondrial Genomes. Am J Hum Genet (2009) 84(5):628–40. doi: 10.1016/j.ajhg.2009.04.013




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Liu, Wei, Lin, Ding, Sun, Zhao, He, Ma, Li, Zhou, Chen, Shen, Gao and He. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-12-793375-g007.jpg
@
o e e e
@ S o >

Diversity density of synonymous substitutions

o
N

Female + CD4 22

[

Diversity density of substitutions
N

00

o 2
B=051,R°=0.98

8=0.09,R*=0.98
B=0.05,R*=0.76
8=0.11,R*=0.91
B=0.03,R*=0.06
8=0.13,R*=0.90
B=0.12,R?*=0.27

==

17-29 30-44

Female + CD42200 d

DO
wuonn

Regu)n

o

17-29 30-44 45-59 260
Age

Age

45-59

(]

o
o

Diversity density of non-synonymous substitutions
=) o
N S

260

Female + CD4 2200

002R =0.50

Q_______——-O—-""
o
17-29 3044 4559 260
Age

Region

:





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Baseline Characteristics of Mitochondrial DNA and Mutations Associated With Short-Term Posttreatment CD4+T-Cell Recovery in Chinese People With HIV

      

        		

          Background

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Participants

          



          		

            Mitochondrial DNA Sequencing, Nucleotide Variant Calling, and Haplogroup Classification

          



          		

            Metrics to Characterize Mitochondrial DNA

          



          		

            Mitochondrial DNA Genome-Wide Association Study

          



          		

            Other Statistical Analyses

          



        



        



        		

          Results

        

          		

            Participant Characteristics

          



          		

            Profiles of Mitochondrial DNA in 856 ART-Naïve Chinese PLWH

          



          		

            Gender-, Age-, and Immune Level-Related Mutational Patterns of mtDNA in 806 ART-Naive Han Ethnic PLWH

          



          		

            Associations of mtDNA Substitutions With Pre-ART CD4+T-Cell Counts and Changes From Pre-ART to Post-ART in the CD4+T-Cell Count of PLWH

          



        



        



        		

          Discussion

        

          		

            Limitations

          



        



        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-12-793375-g008.jpg
S (=
» o

Diversity density of synonymous substitutions
=}
w

Diversity density of substitutions

»
o

o

o

o
o

Male + CD4 <200

o

PR RERD
o onn

o
0.14,

R?=0.37
R?=0.16 © RNRs

R?=0.93 | © CYB

17-29 30-44
Age
Male + CD4 <200
o o
Region
O NDs
o ks O COs
BV
° e
o
o
° o
o
17-29 30-44 45-59 260

Age

o

0.5 Male + CD4 <200

o o o
N w ES

Diversity density of non-synonymous substitutions
°

B =0.0001,R?=0.0000
£=0.001, R?=0.004

0.08, R; -0.87
R?=0.04

o

17-29 30-44 45-59 260
Age

Region
©O NDs





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-793375-g004.jpg
<2<

T4

STOI

New amino acid

>O00MMOI_X-ZZVO0D®N

° [ ] .
[ J [ ] LI .
. ° e . o . e .
. . « -
. °« -
« . L)
° . . . s
. . .
.o X))
.
. .
. .
. .
. . ‘e
. c @

ACDEFGH I KLMNPQR STOFT VWY

Original amino acid

Frequency
® 10
® 20
® 30
® 40
® 50

2000

1500

1000

500

Maximum number of changes to a new amino acid

1 e
v
%Tap ,’
® M 1 L)
N
E o
nN
0 25 50 75

Observed number of changes to a new amino acid

’)A Basic polar
~~___|

'‘Acid polar

Original property

New property





OEBPS/Images/table2.jpg
Substitution Region B

Pre-ART CD4+T cell counts
m.14470T>C ND6 -73.67
m.16362T>C D-loop -24.29

Changes from pre-ART to post-ART in the CD4+T cell count
m.93A>G D-loop 49.56
m.1005T>C RNR1 -50.97
m.1824T>C RNR2 -44.14
m.3394T>C ND1 -41.05
m.4491G>A ND2 -47.81
m.7828A>G Cco2 -44.14
m.9814T>C Co3 -43.49
m.105686G>A ND4L —-44.14
m.12338T>C ND5 —-44.14
m.13708G>A ND5 -38.73
m.14308T>C ND6 -56.47
m.16218A>G CYB 70.49
m.16399A>G D-loop 145.12

0.019
0.016

0.003
0.005
0.025
0.006
0013
0025
0.008
0.025
0.025
0.035

8.22x10-°
0.030
0.010

95% Cl

(-135.40, ~11.94)
(-43.94, -4.63)

(17.08, 82.05)
(-86.79, —15.14)
(-82.59, -5.69)
(-70.32, -11.78)
(-85.56, ~10.07)
(-82.59, -6.69)
(-75.43, -11.69)
(-82.59, -5.69)
(-82.59, -5.69)
(-74.72, -2.69)
(~84.46, ~28.48)

(6.86, 134.11)
(35.20, 255.05)

SE

-2.34
-2.43

16.55
18.25
19.59
14.91
19.22
19.59
16.27
19.59
19.59
18.33
-3.96
217

2.59

31.44
10.01

3.00
-2.79
-2.25
-2.75
-2.49
-2.25
-2.67
-2.25
-2.25
-2.11
14.26
32.41
55.99

B, slope; 95% Cl, 95% confidence interval; SE, standard error.





OEBPS/Images/fimmu-12-793375-g002.jpg
250

200

@
S

Number of types
=)
o

23
=]

250

200

@
o

Number of counts
5
o

53
1=

Class
. Non-synonymous
I Synonymous

ATP6ATP8CO1 CO2 CO3 CYB ND1 ND2 ND3 ND4ND4LND5 ND6
Loci

Class
. Non-synonymous
I I synonymous

ATP6ATP8CO1 CO2 CO3 CYB ND1 ND2 ND3 ND4 ND4L ND5 ND6
Loci






OEBPS/Images/fimmu-12-793375-g006.jpg
o
o

o
[

o
>

=
[73
28
)
@
@
3
o
€
>
£
<]
c
5
2
5
2
(7]
c
5]
©
2
[
1]
=
[a]

O
w

w ES

Diversity density of substitutions
N

Female + CD4 <200

o [
1
[¢]
1720 3044 4559 260
Age
C
Female + CD4 <200 Female + CD4 <200

=0.08, R2=0.77 © 09, R2=0.67
=002, R2=0.17 0.02, R2 058
=0.02, R2-0.86 18, R?=0.68
=0.11, R*=0.54 o 0.75 B—-O11Rz 0.03

1729 30-44 4559 260
Age

o
o
=]

Diversity density of non-synonymous substitutions
o
Ny
0

0.00

o

30-44

Age

45-59

260





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-12-793375-g003.jpg
1000

Maximum number of types of synonymous substitutions
o
3
3

S
=3
S
S

@
S
S
S

2000

1000

Maximum number of types of non-synonymous substitutions

50 100 150
Observed number of types of synonymous substitutions

NDE

‘co1 R?=0.37

cyg

ND6

woa N

ATP8

20 40 60
Observed number of types of non-synonymous substitutions






OEBPS/Images/fimmu-12-793375-g009.jpg
Diversity density of synonymous substitutions

Male + CD4 2200 o

20

Diversity density of substitutions

o

17-29 30-44 45-59 260

Age
(¢
Male + CD4 2200 » 05 Male + CD4 =200
c
S B=0.02, R?=0.63
= 2_ = = o
| Beoor Reoges 4 oy
B 1 - 204 Bt =0
=0.02, R?-0273 ° ]
B R*=0275 a 6
o
3
030 Region 5
NDs £03
COs A
& ATPs c
CYB 2 o
k] o
0.25 9 202 5,
o (7]
=
/ i ] .
)
0.20 god s
o 6 a QNU\QN

[(e)@iCe)(o)

17-29 30-44 45-59 260 17-29 30-44 45-59 260
Age Age





OEBPS/Images/fimmu.2021.793375_cover.jpg
’ frontiers

in Immunology

Baseline Characteristics of
Mitochondrial DNA and Mutations
Associated With Short-Term
Posttreatment CD4+T-Cell Recovery
in Chinese People With HIV





OEBPS/Images/fimmu-12-793375-g005.jpg
A B
CD4 <200 B =0.0002, R?=0.8236 ® CD4 <200 B =0.0001, R?= 0.6704
2 B<0.0001 R?=0.0005 S B <0.0001, RE&=0.0002
£ 2 0.0006
o w
300010 g
2 g
; Category g‘o'mo“ Category
5 E Female € Female
2 Male 3 Male
> <
o
45 0.0005 )
€ ‘5 0.0002
E AN
E g I
o =
£ ]
= S
0.0000 = 0.0000
1729 3044 4559 1729 3044 4559 260
Age Age
(&3 D
CD4 2200 B =0.0002, R2=0.9784 ° CD4 2200 B =0.0001, R?=0.8514
2 <0.0001, R%- 0 6155 £ B <0.0001, RES0 5321
2 2
El 7
% 0.0010 El
2 © 0.0004
123
@ 3
13 o
g £
g Category £ Category
S Female € Female
§ Male 7 Male
'0.0005 s
- 0.0002
E k]
2 £
2 e
£ 1]
2 £
= <]
0.0000 = 0.0000

1729 3044 45-50
Age






OEBPS/Images/table1.jpg
Variable Participants at the pre-ART visit Participants at the post-ART visit
(N = 856) (N =724)
Number (%) Number (%)
Gender
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17-29 258 (30.14) 227 (31.35)
30-44 347 (40.54) 296 (40.88)
45-59 161 (18.81) 132 (18.23)
>60 90 (10.51) 69 (9.53)
Ethnicity
Han 809 (94.51) 685 (94.61)
Minorities 47 (5.49) 39 (5.39)
HIV transmission mode
Heterosexual 591 (69.04) 506 (69.89)
Homosexual 245 (28.62) 208 (28.73)
Others 20 (2.34) 10 (1.38)
CD4+T cell count at the pre-ART visit [cells/ul, (median, (IQR)] 219 (149-295) 223 (155-292)
<200 353 (41.24) 292 (40.33)
>200 500 (58.41) 430 (59.39)
Change from pre-ART to post-ART in the CD4+T cell count [cells/pl, (median, IQR)] ART - 70 (12-142)
regimen
EFV/NVP+3TC+AZT = 558 (77.07)
EFV/NVP+ 3TC+d4T = 118 (16.30)
Others® = 48 (6.63)
ART treatment duration [months, (median, (IQR)] e 3(2-3)
<3 = 292 (40.33)
>3 = 432 (59.67)
MtDNA haplogroup®
A 63 (7.36) 55 (7.60)
B 114 (13.32) 97 (13.40)
c 38 (4.44) 30 (4.14)
D 188 (21.96) 158 (21 82)
3 1(0.12)
F 133 (15.54) 110(15 19)
G 36 (4.21) 1 (4.28)
M 158 (18.46) 136 (18.78)
N 40 (4.67) 35 (4.83)
R 56 (6.54) 48 (6.63)
T 1(0.12) 1(0.14)
Y 6(0.70) 6 (0.83)
z 22 (2.57) 17 (2.35)

IQR, interquartile range; EFV, efavirenz; 3TC, lamivudine; AZT, zidovudine; d4T, stavudine; TDF, tenofovir; NVP, nevirapine; LPV/RTV, lopinavir/ritonavir.

“Others included EFV+3TC+TDF, NVP+3TC+TDF, LPV/RTV+3TC+AZT, and LPV/RTV+3TC+d4T.
bMitochondrial haplogroups were determined by mtDNA sequencing at the pre-ART visit.
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