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Abstract : HIV-1 infection becomes chronic infection after the introduction of anti-retrovirus therapy,
which can be used to control viral production for extended periods, improving patient prognosis. However,
malignant tumors have frequently reported in HIV-1-infected patients. Malignant tumor extremely decreases a
quality of life of HIV-1-infected patients. Clarifying a mechanism of HIV-1 related malignancy became one of
the major issues to overcome. Recent studies including ours findings suggested that HIV-1 infection caused
different gene regulation in B-cell lymphomas (Matsunaga et al, AIDS, 2014). Especially, DNA hypomethylation
tendency in CG islands of promotor region was characteristically observed with HIV-infected cases. Previous
findings suggested that DNA hypomethylation was related to genomic instability as well as maintenances on
chromosome structures. In this study, we focused chromatin maintenances by HIV-1 Vpr, which induces
chromosome abnormalities, such as DNA double strand breaks and centromere abnormality resulting in
premature sister chromatid separation (Tachiwana et al, Can Res, 2006, Yamagishi et al, Nature 2009; Shimura
et al, JCB, 2011). These findings suggested that Vpr tightly attached to chromatin in insoluble fraction, and

recently we figured out that Vpr bound to histones in insoluble fraction.

The first year of this project, we performed a study for a binding ability in vitro between
reconstitutive nucleosomes and recombinant ST-tagged-Vpr. We prepared subnucelosomes, monomer and
12-mer of nucleosomes. Vpr bound to all kinds of nucleosomes. Addition of anti-tag antibody (M2) to
nucleosome-Vpr mixture showed band supershift clearly, suggesting that Vpr directly bound to nucleosomes.

Our data suggested that Vpr bound to DNA of nucleosomes or to nucleosomes via DNA.

The second year of this project, we established cell
lines, which expressing histone H3-EGFP or
H4-EGFP in Vpr stable transfectant (MIT-23) or its
mock transfectant. We found H4 abnormal
localization at cytoplasm and  chromosome
translocation in Vpr stable transfectant (MIT-23). Our
data suggested that Vpr might bind to DNA of
nucleosomes or to nucleosomes via DNA. We further
hypothesize that Vpr could alter nucleosomes
structure. This could be happened locally, since
relatively large amount of histones are existed at

nuclei. Our previous finding indicated that Vpr

especially localized at centromere region, and

mFISH in PBL from HIV-1 Patient eliminated kinetochore proteins and centromere
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chromosome structural abnormality may potentially exist, which answers centromere abnormality, resulting in
PCS and DNA double strand breaks. Elimination of HP1, centromere proteins and mislocation of H4 seems to be
related to instability of chromosome structure. Common mechanism of these missing or alternation by Vpr is

essential to be clarified.

The third year of this project, we found Vpr-induced chromosomal translocation. We made sure both in
Vpr-transient expressed and Vpr-stable transfectant (MIT-23 cells). Vpr-induced chromosomal translocation
seemed happened randomly in chromosomes, and there is no hot spot for chromosomal translocation. If it is
happened randomly, chromosome # 1 might have it most, since chromosome #1 is the lonest one. In fact, we
estimated chromosome # 21 had chromosomal translocation most per length. We also examined myc-IgH
translocation, which is well observed in HIV-related lymphoma cases, however, we could not find it among over
300 chromosome spreads. These might be related to a cell origin, fibrosarcoma used for these experiments
(HT1080). Surprisingly, Vpr-chromatin association was observed 10-20 % of chromosome spread examined
only after 48 hr after DOX -induced Vpr expression. Fifty percent of cell population accumulated at G2/M in
Vpr-expressing cells, and cells have one mitotic phase during 48 hr. As there were only a few of
paired-chromosomal translocation, which were supposed to be via DNA replication at DNA synthetic phase,
most chromosomal translocation may be occurred during at G2/M with high probability. Although molecular
mechanism of chromosomal translocation is not known well, mitotic phase (anaphase) is one of the candidates,

since chromosomal translocation associates dynamic chromosome breaks and fusion. Chromatin bridges has

12 suggested as one of the factors of chromosomal translocation at

10 n=23 mitotic phase. In the case of Vpr-expressing cells, we observed
micronuclei (Shimura M, et al, FASEB J, 1999), chromosome

8 minutes and sister chromatid exchanges (unpublished data),

g ] suggesting Vpr-induced chromatin unstable and potentiality for
g chromatin bridges. Furthermore, we found premature sister
¢ chromatid separation (PCS) is highly associated with chromosome

2 0.6 translocation. Vpr-induce PCS is depending on histone H3-K9

0 ﬁ , hyperacetylation due to Vpr recrouted p300/HAT and loss of HP1
Volenteers HIV protein at centromere region (Yamagishi et al, Nature 2009;

~ PCS in HIV-1 Patient Shimura et al, JCB, 2011). PCS generally associated lagging

. "

o . 4 chromosome during mitosis, prolonged mitotic phase, producing

unequal chromosome separation and aneuploidy. Vpr-induced
chromosome translocation may be related to unstable chromatin

structure and mechanical force during mitotic phase.

The third year of this project, we collected peripheral blood
lymphocytes from HIV patients (n=24) and healthy volunteers
(n=12), and examined PCS, chromosome translocation and genome-wide DNA methylation. PCS was highly

observed in HIV patients under the anti-retrovirus therapy, which is mostly control of virus production in
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peripheral blood (PBL). PCS was not correlated with virus mRNA copies in PBL, however, negatively
correlated with CD4 and total white blood cells, suggesting that PCS is related to HIV-pathogen. These data
suggested that proteins besides virus such as virus protein or cytokines from brain, bone marrow, lymphnodes,
where anti-retrovirus therapy cannot reach enough, might be related to PCS. As PCS was associated with
chromosome translocation as mentioned the above, chromosome translocation may be detected in PBMC in HIV
patients. We also found genome-wide DNA methylation has influenced and changed both in infected cells (CD4
included) and uninfected cell population (premature B cells). These data also suggested that proteins besides
virus such as virus protein or cytokines might be related to DNA methylation in uninfected cell population.
Prospective study and follow-up the cases are necessary to reveal the consequence of abnormal DNA
methylation, since changes in DNA methylation are related to malignancy. The mechanism of abnormal DNA

methylation and DNA methylation target as risk a marker also has to be clarified.

Our data suggested HIV infection altered chromosome maintenance and induced genomic instability. We believe

that prevention of genomic instability by HIV infection may contribute to the reduction of risks in tumorigenesis.
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PCS and Chromosome Translocation by Vpr

B HIV-1 Vpr-expressing cell
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HIV-1 Patients with High PCS may have Chromosome
-Clinical Study has Started-
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