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PL 25 years of the HIV DRP�From Resistance to Persistence
John M. Coffin
Tufts University, Boston MA, USA

In 1997, I was recruited to the NIH to start a new program in HIV research with the goal of applying
modern tools of virology, genetics, and structural biology to basic and applied HIV research, with a focus on
resistance to antiviral drugs, at the time the major stumbling block to effective therapy. We were fortunate
to recruit an outstanding group of investigators, who have made may more major contributions to the field
than the few I can present here. Using highly sensitive assays they developed, they showed that failure of
antiviral drugs was due to resistance mutations already present at very low level in the virus population at
the time of therapy, and that its probability increased when genomes containing linked resistance to 2 or
more drugs were present. They also showed that HIV persistence on therapy is not due to virus replication
but rather to survival and clonal expansion of latently infected T cells a few of which spontaneously produce
infectious virus at all times, almost inevitably leading to rapid rebound of viremia when therapy is stopped.
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SP How the response to HIV changed global health forever
Benjamin Young
Global Medical Directors, ViiV Healthcare

Global health aims to improve worldwide health services and treatment equity. Yet implementation of
global health achieved only limited success through the 1980s and 1990s. At this time, UNICEF delivered
global primary care for children and whose aims were limited to growth monitoring, rehydration salts,
breastfeeding and immunizations.

The response to HIV and AIDS has yielded unpreceded drug discovery, and delivered on the promise of
normal life expectancy, and global care and treatment access. PEPFAR�2003�was one of the first efforts of
high�income nations to address global disease in low�income countries and has saved over 20 million lives.
Individualized molecular diagnostics�drug resistance, viral load�and the use of pharmacogenomics first
came of age in the response to HIV. The care continuum, now central to public health metrics in multiple
disease states, was borne in HIV. UNAIDS’ 90�90�90 targets recognized the importance of diagnosis and
engagement in care, not just the number of people in care and on treatment. Improving HIV services has
improved health capacity and quality in many countries. The effects of stigma, discrimination and
criminalization on health outcomes are acute in HIV care. Recent attention on quality of life for people with
HIV recognizes that a diagnostic test cannot alone be the goal of treatment.

Accomplishments in the response to HIV has established that quality care and treatment equity are
attainable at the global level yet lay bare the failure to achieve the same in the responses to viral hepatitis,
COVID�19 and perhaps to monkeypox. Issues of competing demands on health systems, finance, and
disinformation and the current example of war are stark reminders of the fragility of global health
responses.
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AIDS Research Center, National Institute of Infectious Diseases

HIV�1 Transmitted drug resistance�TDR�remains a public health concern worldwide. The Japanese
Drug Resistance HIV�1 Surveillance Network has been collecting demographic, clinical, and HIV�1
sequencing data for about 40� of newly diagnosed HIV cases in Japan in collaboration with medical
institutions nationwide since 2003.
Japanese males accounted for 80� of the cases, with the majority of MSM in their 20s�40s. Subtype B was
the predominant subtype�77��, followed by CRF01�AE�13.8��and CRF07�BC�2.0��in 2021. The
prevalence of TDR among newly diagnosed ART naive cases has fluctuated around 5�9� in recent years.
Although little impact on guideline�recommended ARTs, RT�T215 revertant�3.5��and PR�M46I/L�1.8��
being the most frequently detected TDR mutations, which have formed multiple domestic transmission
clusters. RT�M184V was detected in 0.7�0.9� of newly diagnosed cases in recent years. Considering the
widespread use of PrEP�although not officially approved�and the introduction of long�acting ARTs, it is
necessary to closely monitor trends in drug resistance.
Based on the sequence data, we are conducting transmission network analysis of more than 10,000 newly
diagnosed HIV cases in Japan since 2003. We found that about 75� of newly infected cases belonged to
domestic transmission clusters with 1.5� of the genetic distance threshold. Growing transmission clusters in
the different regions were detected. Our analysis suggest that it is important to promote a system that
enables easier access to testing and provision of testing in various settings.
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Dolutegravir�its Discovery, Development, and a High Barrier
to Resistance

����
Tamio Fujiwara
���������
Former employee of Shionogi� Co., Ltd.

Dolutegravir is an HIV integrase strand transfer inhibitor�INSTI�and is currently used globally by 17
million people living with HIV. In this symposium, brief history of drug discovery, clinical development and
resistance profile of dolutegravir will be presented. The basic research of retroviral DNA integration
mechanism had been conducted at NIH, USA in 1987. The drug discovery research was initiated by
Shionogi in 1989, from seed finding to structure�activity relationship. Two INSTIs failed to proceed during
the clinical phases, but drug discovery was continued. The profile of three targets for the next generation
INSTI was set to be�1�no or very low cross resistance with other INSTIs, 2�once daily dosing and
capability of co�formulation with drug�s�of other mechanism of action, 3�high safety. Three sister
compounds were selected and each one progressed to Phase I single dose studies. Consequently, the
development of dolutegravir was further progressed to eventual approval by US FDA in 2013, followed by
EMA and Japan in 2014. Cabotegravir was originally a backup compound for dolutegravir, but it was later
developed as a long�acting injectable formulation.
The profile of dolutegravir’s high barrier to resistance may be explained by 1�in vitro resistance, 2�

interaction with HIV integrase protein and substrate DNA by the molecular model, 3�clinical PK profile in
relation to fold resistance of mutants, and 4�drug distribution in humans.
This profile of high barrier to resistance has led to the successful two�drug regimens.

������������������������
���
	��������	���	������������
��
	���

�����
EDAIN WING 4.0 ­� 2022.10.17 17.01.06 Page 4

The Journal of AIDS Research Vol.24 No.4 2022

�
�
�
�
�
�
�
�

219 � 95 �

SPSY1�3 Understanding and dealing with HIV resistance and
persistence

John M. Coffin
Tufts University, Boston MA, USA

In this talk, I will elaborate on a number of the points I made in my plenary talk earlier in the meeting,
particularly focusing on issues that may have been be contrary to conventional wisdom.
1. Combination antiviral drug failure is most often due to linked resistance mutations present at initiation.
2. HIV persistence despite fully suppressive therapy is due to latent infection of long�lived cells not to
ongoing virus replication. These cells not only survive but clonally expand, sometimes to very large
numbers.
3. Clonal expansion is driven by normal immunological processes�e.g., antigen encounter�, not by provirus
integration.
4. Detectable clones of more than 105 cells arise very soon after the initial infection event, inconsistent with
the�resting cell�model proposed by others.
5. HIV DNA integration into at least one gene�STAT3�can lead to selective growth of infected cells in
culture. Similar integration sites are found in AIDS�associated B and T cell lymphomas.
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SPSY1�4 Analysis of HIV Population Genetics to Inform
Understanding of Virus Replication, Persistence, and the
Emergence of Antiretroviral Drug Resistance

Frank Maldarelli
Clinical Retrovirology Section, HIV Dynamics and Replication Program, NCI�Frederick, NIH, USA

HIV replication results in large and genetically diverse virus populations in infected individuals. Initiation
of antiretroviral therapy blocks ongoing cycles of replication and results in improvements in morbidity and
mortality. Non�adherence with long�term antiretroviral therapy leads to rebound viremia, drug resistance,
and disease progression. My group is using next generation sequencing approaches to investigate the
genetic structure of HIV virus populations in plasma and proviral populations in peripheral blood
lymphocytes. Studying samples from individuals obtained prior to and following initiation of antiretroviral
therapy as well as during rebound viremia is informing our fundamental understanding of HIV replication,
persistence, and drug resistance.
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Hiroyuki Gatanaga
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AIDS Clinical Center, National Center for Global Health and Medicine

Cabotegravir and rilpivirine�RPV�injection has been approved for the treatment of HIV�1 in virologically
suppressed adolescents with no history of treatment failure, nor known or suspected resistance to either
cabotegravir or RPV. E138A/G/K in HIV�1 reverse transcriptase�RT�are RPV resistance�associated
mutations and can be identified in a few ART�naïve patients, although at low frequency. The 138th position
in HIV�1 RT is located in one of the epitopes of HLA�B*18�restricted cytotoxic T lymphocytes�CTLs�. CTL�
mediated immune pressure selects escape mutations within the CTL epitopes. Here we tested whether E
138A/G/K could be selected by HLA�B*18�restricted CTLs.
The amino acid variation at the 138th position was compared between ART�naïve HIV�1�infected patients
with and without HLA�B*18. The prevalence of E138A/G/K was 21� and 0.37� in 19 and 1088 patients
with and without HLA�B*18, respectively. The CTL response was completely abolished by the substitution
of E138A/G/K in the epitope peptide. E138A/G/K can be selected by HLA�B*18�restricted CTLs.
Further, we investigated the global prevalence, B*18�linkage and replicative cost of E138A/G/K. We
analyzed linked E138A/G/K and HLA data from 7772 ART�naïve patients from 16 cohorts spanning five
continents. E138A/G/K were significantly enriched in HLA�B*18�positive individuals globally. E138A/G/K
and HLA�B*18 frequencies correlated positively. This, along with the observation that E138A/G/K do not
confer in�vitro replicative costs, supports their persistence, and ongoing accumulation in circulation over
time.
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SPSY1�4 Analysis of HIV Population Genetics to Inform
Understanding of Virus Replication, Persistence, and the
Emergence of Antiretroviral Drug Resistance

Frank Maldarelli
Clinical Retrovirology Section, HIV Dynamics and Replication Program, NCI�Frederick, NIH, USA

HIV replication results in large and genetically diverse virus populations in infected individuals. Initiation
of antiretroviral therapy blocks ongoing cycles of replication and results in improvements in morbidity and
mortality. Non�adherence with long�term antiretroviral therapy leads to rebound viremia, drug resistance,
and disease progression. My group is using next generation sequencing approaches to investigate the
genetic structure of HIV virus populations in plasma and proviral populations in peripheral blood
lymphocytes. Studying samples from individuals obtained prior to and following initiation of antiretroviral
therapy as well as during rebound viremia is informing our fundamental understanding of HIV replication,
persistence, and drug resistance.
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Naturally selected drug�resistant HIV�1 mutations by host
cellular immunity

����
Hiroyuki Gatanaga
�������������
���
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AIDS Clinical Center, National Center for Global Health and Medicine

Cabotegravir and rilpivirine�RPV�injection has been approved for the treatment of HIV�1 in virologically
suppressed adolescents with no history of treatment failure, nor known or suspected resistance to either
cabotegravir or RPV. E138A/G/K in HIV�1 reverse transcriptase�RT�are RPV resistance�associated
mutations and can be identified in a few ART�naïve patients, although at low frequency. The 138th position
in HIV�1 RT is located in one of the epitopes of HLA�B*18�restricted cytotoxic T lymphocytes�CTLs�. CTL�
mediated immune pressure selects escape mutations within the CTL epitopes. Here we tested whether E
138A/G/K could be selected by HLA�B*18�restricted CTLs.
The amino acid variation at the 138th position was compared between ART�naïve HIV�1�infected patients

with and without HLA�B*18. The prevalence of E138A/G/K was 21� and 0.37� in 19 and 1088 patients
with and without HLA�B*18, respectively. The CTL response was completely abolished by the substitution
of E138A/G/K in the epitope peptide. E138A/G/K can be selected by HLA�B*18�restricted CTLs.
Further, we investigated the global prevalence, B*18�linkage and replicative cost of E138A/G/K. We
analyzed linked E138A/G/K and HLA data from 7772 ART�naïve patients from 16 cohorts spanning five
continents. E138A/G/K were significantly enriched in HLA�B*18�positive individuals globally. E138A/G/K
and HLA�B*18 frequencies correlated positively. This, along with the observation that E138A/G/K do not
confer in�vitro replicative costs, supports their persistence, and ongoing accumulation in circulation over
time.
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� HIV����� 40�����
�Dr. John C. Martin Memorial symposium�

■Chairs� Hiroaki Mitsuya�National Center for Global Health and Medicine�
Wataru Sugiura�National Center for Global Health and Medicine�

■Speaker�
Raymond F. Schinazi�Emory University Center for AIDS Research�
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HIV� HCV������������� John C. Martin����2021� 3 � 30 ����������
���������������� 69���
Martin��� 1996�� Gilead Sciences������������ 35 ������� 12,000 �����

���� 1,000������ Global��������������������������������
�����������������������
Martin��������������������������������������������
� 29������������������������ plenary lecture��������������
Martin���������������������������������������������
John C. Martin�������d4T�3TC��� FTC���������� Emory��� Raymond F.
Schinazi�����������������������������

����The New York Times, April 27th 2021 by Sam Roberts
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EACS Live discussion HIV�������������� EACS�����
�������������� EACS Live discussion Case�based discussion
of the current clinical topics in HIV/AIDS care

■Modulators� �� ������������������
�������������������������������
����������������������
Jürgen K. Rockstroh�University Hospital Bonn�
Tristan J. Barber�Royal Free London NHS Foundation Trust Institute for

Global Health, University College London�

■Case presenters�
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Jasmini Alagaratnam�Imperial College Healthcare NHS Trust�
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European AIDS Clinical Society�EACS�is Europe’s largest society of healthcare professionals working in
the field of HIV and AIDS. EACS has provided longstanding, impactful and sustained professional
contribution to the field of HIV. Japanese AIDS society and EACS had a case�based discussion on previous
conference. We shared a wide range of important issues about current HIV care. We are planning to have an
opportunity to discuss cutting�edge topics on HIV, including monkeypox. Three presenters from both
Japanese and EACS will talk about cases of opportunistic infections, sexually transmitted infections, and
hepatitis.
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Cutting edge in HIV�1 research�pursuing breakthrough discoveries

■Chairs� Akatsuki Saito�Laboratory of Veterinary Microbiology, Department of Veterinary
Medicine, Faculty of Agriculture, University of Miyazaki�

Terumasa Ikeda�Division of Molecular Virology and Genetics, Joint Research
Center for Human Retrovirus Infection, Kumamoto University,
Kumamoto, Japan�

■Speakers�
Judd F. Hultquist�Division of Infectious Diseases, Northwestern University Feinberg

School of Medicine, Chicago, USA/Center for Pathogen Genomics
and Microbial Evolution, Havey Institute for Global Health,
Northwestern University Feinberg School of Medicine, Chicago,
USA�

Sebla B. Kutluay�Washington University in Saint Louis, School of Medicine, Molecular
Microbiology, Saint Louis, MO�

Tomoyuki Murakami�Department of Microbiology � Immunology, University of
Michigan Medical School�

Terumasa Ikeda�Division of Molecular Virology and Genetics, Joint Research Center
for Human Retrovirus Infection, Kumamoto University, Kumamoto,
Japan�

� ��
Current HIV treatments have resulted in dramatic reductions in the number of AIDS�related deaths and
increases in survival rates. However, the inability to eradicate HIV completely from the body, emergence of
drug�resistant variants, and persistent/latent infections remain challenging issues in HIV treatment. To
overcome these obstacles and develop new therapeutic approaches, an innovation in basic HIV research can
be a game changer. This symposium welcomes four outstanding young scientists who are conducting
cutting�edge research based on novel ideas and approaches. Their current research will provide clues for
solving the problems in HIV research and promote a new direction of research toward breakthroughs.
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SY6�1 Advances in primary cell gene editing towards an improved
understanding of HIV host factors

Joseph Hiatt1,2�Lacy Simons3,4�Daphne Cornish3,4�William Cisneros3,4�Ryan Leenay5�
Andrew May5�Alexander Marson1,2�Nevan J. Krogan1,6�Judd F. Hultquist3,4
1J. David Gladstone Institutes, San Francisco, USA�2Department of Microbiology and Immunology,
University of California, San Francisco, USA�3Division of Infectious Diseases, Northwestern University
Feinberg School of Medicine, Chicago, USA�4Center for Pathogen Genomics and Microbial Evolution,
Havey Institute for Global Health, Northwestern University Feinberg School of Medicine, Chicago, USA�
5Chan Zuckerberg Biohub, San Francisco, USA�6Department of Cellular and Molecular Pharmacology,
University of California, San Francisco, USA

The limited coding capacity of the Human Immunodeficiency Virus�HIV�genome necessitates a heavy
reliance of the virus on host molecular machinery for replication. Systematic attempts to genetically or
biochemically define these host factors in immortalized cell lines have yielded hundreds of candidates, but
few have been functionally validated. To close this knowledge gap, our lab has been developing and
leveraging new approaches in CRISPR�Cas9 gene editing for high�throughput HIV host factor discovery and
mechanistic interrogation in primary CD4+ T cells and macrophages1�3.
Recently, we targeted 426 genes previously implicated in the HIV lifecycle through protein interaction
studies for arrayed knock�out in CD4+ T cells from multiple, independent donors4. Each population was
subject to deep sequencing to quantify editing efficiency and concurrently challenged with replication�
competent HIV�1 to assess the impact on HIV infection. Overall, we achieved robust editing efficiencies with
high donor�to�donor concordance, averaging 75� allelic knock�out at the population level. The repair
outcomes at each edited site demonstrated notable predictability based on the target site sequence and
surrounding chromatin structure. We identified 86 host factors that significantly altered infection, 47 of
which had not been previously reported, and 23 of which had restrictive activity. Further mechanistic study
has since revealed new and unexpected roles for several of these factors throughout the viral lifecycle as
well as in the host response to infection.
Overall, these findings revealed several new host factors underlying HIV replication in primary CD4+ T
cells and model an interdisciplinary, systems approach as a means to streamline experimental discovery.
Donor�to�donor and cell type�dependent variations in host factor dependency suggest the virus employs a
degree of functional plasticity to achieve robust infection, complicating host�based therapeutic strategies.
The continued expansion of this technology to new cell types, at larger scales, and for more refined
perturbations will ultimately unveil new insight into the host determinants underlying HIV replication,
latency, and pathogenesis.

Select References
1. Hultquist J.F.*, Schumann K.*, et al . 2016. Cell Reports . 17�1438�1452.
2. Hultquist J.F., et al . 2019. Nature Protocols . 14�1�27.
3. Hiatt J. et al . 2021. Cell Reports 35�109105.
4. Hiatt J*, Hultquist JF*, et al . 2022. Nature Communications . 13�1752.
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virion maturation

Christian Shema Mugisha1�Tung Dinh2�Abhishek Kumar1�Kasyap Tenneti1�
Jenna E. Eschbach1�Keanu Davis1�Robert Gifford3�Mamuka Kvaratskhelia2�
Sebla B. Kutluay1
1Washington University in Saint Louis, School of Medicine, Molecular Microbiology, Saint Louis, MO�
2University of Colorado School of Medicine, Division of Infectious Diseases, Aurora, CO�3MRC�University of
Glasgow, Centre for Virus Research, Glasgow, United Kingdom

In addition to its catalytic function, we have previously shown that HIV�1 integrase�IN�regulates virion
maturation by binding to and packaging the viral RNA genome�gRNA�inside the mature capsid lattice.
Allosteric integrase inhibitors�ALLINIs�and class II IN substitutions inhibit IN�gRNA binding and result in
non�infectious viruses marked by mislocalization of the gRNA between the capsid lattice and the viral lipid
envelope. We will present published and new data on the specificity of IN�gRNA interactions, demonstrating
a partial binding specificity of IN towards purine rich sequences. HIV�1 IN utilizes basic residues within its
C�terminal domain�CTD�to bind to the gRNA. However, the molecular nature of how these residues
mediate RNA binding and whether other regions of IN are involved are unknown. To address this, we have
isolated compensatory substitutions in the background of a class II IN mutant virus bearing IN R269A/K273
A substitutions within the CTD. We found that the nearby D256N and D270N compensatory substitutions
restored the ability of IN to bind gRNA and led to the formation of mature infectious virions. Reinstating the
local positive charge of the IN�CTD through individual D256R, D256K, D278R and D279R substitutions was
sufficient to specifically restore IN�gRNA binding and reverse transcription for the IN R269A/K273A as well
as the IN R262A/R263A class II mutants. Many of these compensatory substitutions directly restored
gRNA binding without inadvertent effects on IN tetramerization. Structural modeling suggested that
compensatory substitutions in the D256 residue created an additional interaction interface for gRNA
binding, whereas other substitutions acted locally within the unstructured C�terminal tail of IN.
Interestingly, HIV�1 IN R269A/K273A, but not IN R262A/R263A, bearing compensatory mutations was
more sensitive to ALLINIs providing key genetic evidence that specific IN residues required for RNA
binding also influence ALLINI activity. Taken together, our findings highlight the essential role of CTD in
gRNA binding and reveal the importance of pliable electrostatic interactions between the IN�CTD and the
gRNA.
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SY6�3 Macropinocytosis promotes HIV�1 entry into primary CD4+ T
cells

Tomoyuki Murakami1�Praveen Manivannan1�Ya�Ting Chang1�John C Charpentier1,2�
Kazuaki Monde3�Joel A Swanson1�Philip D King1�Akira Ono1
1Department of Microbiology� Immunology, University of Michigan Medical School�2Immunology
Program, University of Michigan Medical School, Ann Arbor, Michigan�3Department of Medical Virology,
Graduate School of Medical Sciences, Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan

Clathrin�mediated endocytosis has been implicated in HIV�1 entry, but whether endocytosis plays a role in
HIV�1 entry into CD4+ T cells is still debated due to the contrasting results obtained with this cell type.
Macropinocytosis is a large�scale actin�dependent fluid phase form of endocytosis. In macrophages, HIV�1
uses macropinocytosis, which is constitutively active in this cell type, to gain cell entry. Recently, our group
demonstrated for the first time that CD4+ T cells engage in macropinocytosis. In the current study, we
investigated whether macropinocytosis plays a role in HIV�1 entry into primary CD4+ T cells.
We first tested the effect of EIPA, a specific macropinocytosis inhibitor, on productive HIV�1 infection of
primary CD4+ T cells using reporter viruses that express nanoluciferase�HIV�1/NanoLuc�. EIPA blocked
infection of HIV�1NL4�3/NanoLuc. EIPA also inhibited infection of CD4+ T cells by nanoluciferase�encoding
transmitted/founder viruses, HIV�1CH040/NanoLuc and HIV�1WITO/NanoLuc. Using the BlaM�Vpr assay, we
found that EIPA suppressed release of virus contents into the cytoplasm via membrane fusion with primary
CD4+ T cells. In addition to EIPA, a treatment with a combination of jasplakinolide and blebbistatin�J/B�,
which inhibits actin cytoskeletal dynamics and thereby prevents macropinocytosis, suppressed HIV�1
infection of and fusion with CD4+ T cells. Furthermore, EIPA and J/B repressed HIV�1 internalization into
CD4+ T cells. The confocal microscopy analysis of fluorescently labeled viruses showed that HIV�1 particles
were present inside macropinosomes in CD4+ T cells. Altogether, these results suggest that efficient HIV�1
entry into primary CD4+ T cells requires macropinocytosis.
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SY6�4 HIV�1 restriction by endogenous APOBEC3 family proteins in
the myeloid cell line THP�1

Terumasa Ikeda1�Hesham Nasser1�Ryo Shimizu1�Michael A. Carpenter2�
Adam Z. Cheng2�William L. Brown2�Reuben S. Harris2,3,4
1Division of Molecular Virology and Genetics, Joint Research Center for Human Retrovirus Infection,
Kumamoto University, Kumamoto, Japan�2Department of Biochemistry, Molecular Biology, and Biophysics,
Institute for Molecular Virology, Center for Genome Engineering, Masonic Cancer Center, University of
Minnesota, Minneapolis, USA�3Department of Biochemistry and Structural Biology, University of Texas
Health San Antonio, USA�4Howard Hughes Medical Institute, University of Texas Health San Antonio,
USA

HIV�1 must overcome multiple different innate antiviral mechanisms to replicate in CD4+ T lymphocytes.
Macrophage cells are also thought to be a potential HIV�1 reservoir, but less is known in these cell types
about virus restriction and counteraction mechanisms. Many studies have demonstrated that APOBEC3�A
3�family proteins�at least A3D, A3F, A3G and A3H�contribute to HIV�1 restriction in CD4+ T lymphocytes,
whereas the identities of the A3 enzymes involved in HIV�1 restriction in macrophages have yet to be
delineated fully. To address this question, we have been analyzing CRISPR mutants of the monocytic cell
line THP�1 using wild�type HIV�1 and Vif variants with selective A3 neutralization activities. These
approaches showed that endogenous A3G contributes to HIV�1 restriction in a deaminase�dependent
manner. However, although A3G disruption nearly eliminated viral G�to�A mutations, vif �null viruses still
showed 50� lower infectivity than wild�type HIV�1 or mutants selectively lacking A3G degradation activity.
These results indicated that at least one additional A3 enzyme has HIV�1 restriction activity in this system.
Here, we describe the creation and characterization of A3F �null as well as A3F/G �null THP�1 cells. In
comparison to wild�type HIV�1, which remained fully infectious under all conditions, vif �null viruses elicited
a strong infectivity defect in A3F �null cells and a more modest defect in A3F/G �null cells. In contrast, a
previously characterized HIV�1 mutant selectively lacking A3F degradation activity showed near wild�type
infectivity in A3F �null cells and a 50� decrease in infectivity in wild�type THP�1 cells. To elucidate the
involvement of the other A3 proteins in HIV�1 restriction in THP�1 cells, we created THP�1 cells disrupting
from A3A to A3G genes. The susceptibility of A3A to A3G�null THP�1 to HIV�1 infection is under analysis.
These studies combine to indicate that A3F contributes to HIV�1 restriction in THP�1 cells.
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SY6�4 HIV�1 restriction by endogenous APOBEC3 family proteins in
the myeloid cell line THP�1

Terumasa Ikeda1�Hesham Nasser1�Ryo Shimizu1�Michael A. Carpenter2�
Adam Z. Cheng2�William L. Brown2�Reuben S. Harris2,3,4
1Division of Molecular Virology and Genetics, Joint Research Center for Human Retrovirus Infection,
Kumamoto University, Kumamoto, Japan�2Department of Biochemistry, Molecular Biology, and Biophysics,
Institute for Molecular Virology, Center for Genome Engineering, Masonic Cancer Center, University of
Minnesota, Minneapolis, USA�3Department of Biochemistry and Structural Biology, University of Texas
Health San Antonio, USA�4Howard Hughes Medical Institute, University of Texas Health San Antonio,
USA

HIV�1 must overcome multiple different innate antiviral mechanisms to replicate in CD4+ T lymphocytes.
Macrophage cells are also thought to be a potential HIV�1 reservoir, but less is known in these cell types
about virus restriction and counteraction mechanisms. Many studies have demonstrated that APOBEC3�A
3�family proteins�at least A3D, A3F, A3G and A3H�contribute to HIV�1 restriction in CD4+ T lymphocytes,
whereas the identities of the A3 enzymes involved in HIV�1 restriction in macrophages have yet to be
delineated fully. To address this question, we have been analyzing CRISPR mutants of the monocytic cell
line THP�1 using wild�type HIV�1 and Vif variants with selective A3 neutralization activities. These
approaches showed that endogenous A3G contributes to HIV�1 restriction in a deaminase�dependent
manner. However, although A3G disruption nearly eliminated viral G�to�A mutations, vif �null viruses still
showed 50� lower infectivity than wild�type HIV�1 or mutants selectively lacking A3G degradation activity.
These results indicated that at least one additional A3 enzyme has HIV�1 restriction activity in this system.
Here, we describe the creation and characterization of A3F �null as well as A3F/G �null THP�1 cells. In
comparison to wild�type HIV�1, which remained fully infectious under all conditions, vif �null viruses elicited
a strong infectivity defect in A3F �null cells and a more modest defect in A3F/G �null cells. In contrast, a
previously characterized HIV�1 mutant selectively lacking A3F degradation activity showed near wild�type
infectivity in A3F �null cells and a 50� decrease in infectivity in wild�type THP�1 cells. To elucidate the
involvement of the other A3 proteins in HIV�1 restriction in THP�1 cells, we created THP�1 cells disrupting
from A3A to A3G genes. The susceptibility of A3A to A3G�null THP�1 to HIV�1 infection is under analysis.
These studies combine to indicate that A3F contributes to HIV�1 restriction in THP�1 cells.
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dNTP� 5:
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2022
 6	����������������� ­����������� ����� 600mg/900mg�
��������������������� HIV�������¡¢£¤¥��¦§­�¨©�ª�«¬
������� ­®¢��­¯ ���°±�²³´�µ¶�·¸���¹¬º�¦§­�¨©»¼��
�½¾¿À HIV�1��Á�Â�£
��ÃÄÀÅÆÇ¬±���ÈÀ 2���É�ÊËÌÁÀÍ�ÊÎÏÐÑ��ÒÓÔÕÖÀ×Ø�ÙÚ�
�¡¢ HIV�Û�ÜÝ�¿Þ�People living with HIVßPLWH��àáÀâãä�¢å�½�æË�çÀ¦
§­��Àè�éê�­�ëÝìíî±��ïð¬��£
���� HIV����Ò PLHIVÀ�Î�ñò��¢óô�õ
�� HIV��À�©��ö�À¦§­�

�Àè�éê�­�Éð�÷ø�ùú´�ÀÂ� QOL�health�related QOLßHRQL�ÀñòäÉð�ûÝ�
Â�£�¬��HRQOL�Í��°±��üý�ÁþÀÿýÊÍ�À�~}�����|äÉð�{ÃÀ[Å
©�\]�å�{Ã^_�¦é���Patient Reported OutcomeßPRO�ä¤`�@«å¢à�ÀÍ�?>=
<;��::Â�£�Þ���Î���/.�Éð�PLHIVÀ-,+â�.*Å¹�)('��¬��&%
Àþ$Ê#"Ó!©þ0=ï�å�Í�ä?>±�È��1�¬����³�Â�£
�Þ���2�3�4æ�5�����¡¢6789�A���äÈ�Ç¬À� HIV��ÀB�|À�C
�DEFG�½ìHÝÇ�PLWH�Û�ïð�½ìI��Â�£JKL��6789�A���ÀÍM�N
Éå¢OÀÓMäP®ð�6789�A���ä PLWHÀ�ÎñòÀ¢��ÜQ�R¢�� HIV��ÀB�
|CDESG�ÇïT±�£
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HIV������������¡��¢£ 3�¤¥� 7�¤�¦�§¨©��ª�¢£ 1�¥� 4�¤��
���«¬����®�¯°
����¥����±²³´�µ¶®��·��
���¸
�����¹º�»��¼½� HIV���¾¿��1À�£�ÁÂ�ÃÄ����ÁÂÅÆ£
�ÇÈÉ¥�����ÊË����
Ì���� 2020	Í�� PrEP����Î�ÏÐ����Ñ�Ò¬��Ó�£Î�PrEP������

ÔÕ��ÖÆÏ×Ø¬���Ì��Ù	ÍÚÅ���2022	Í�Ò���MSM�ÛÖ��ÜÝÉ�ÞßàÏ
PrEP��ÑÌ��á��Ì�Ï·��¾â�ã�äå���æçèÎ·¬���¥��éê�ëì�íîÝ
ïðñòó�ôõöÒ���÷��øù�úû����æçè
üÒ¥¬��
Ì��� PrEP�������¸�ýú���ÜÝÉ�þÿ�~}��|Ú�{��Ø��[������
� PrEP����ÐûÏ\{����Ò�]��^ö���������_Ê�÷��`Ä��
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PrEP���������������������������������MSM�men who have sex
with men�������¡���¢£�¤¥¦§¨�©ª«¬®¯���°��±� PrEP¦²³´µ��
¶·¸¹��¡�º¦»¼���¢£�½����¾�¸¿À� HIVÁÂÃÄ��ÅÆÇÈÉ�ÊË�¦Ì
ÍÎ�ÏÄ�¢£�¤¥Á²³�ÐÑ¦ÒÓ®¯�¡�������������®� PrEPÔÕÖ�»£
����Ô×Ø�¢£�¤¥²³ÁÈÉ®¦ÙÚÛ��ÜÝ� PrEP�Ô 2019Þß�àá£�âã�äå£
���¡æç�2020Þèé� PrEP¦�ºÔ�����ê�»¼ëìííî£�PrEPï���ÈÉ¸­�ð
®²³Ôáñç¡ò�èé¦ PrEPï�����ó�ôõ�®¦ PrEP²³�ö÷���¡øÀ�ùúûÛ�
üõ��ÅÆÇ¦ÅÆý��ß�þÿ®~}èéó�ôõ�}��|{[��Í¿À���ø¸®\�]
PrEP¦²³�^_¸`÷���¡2022Þ 7@�|?®>=� PrEPÏ�®<}£ç�;� 2,107��ø¦:
/�=£ç¦� 1,701��80.7.��ó�ôõ�®}�£ç¦� 406��19.3.�-÷ç¡PrEP®<}£ç 1,793
��85.1.������314��14.9.��,��-÷ç¡\´¦ 9.7.�204/2107���+*Ï)¦(�-÷
ç¡æç�>=]<}¿À� PrEP����¦�ö'Á�̀ & PrEPÔ�����®»¼£���¦èÎ¦%
ÜÔ$ñç#Õ¦"�!�ð0ÉÔö÷�����1�23ü4®�PrEP����¦>5�¦6¸£�78
Ä�¡9®� PrEP¦¤¥�õ���A�ð¬®»¼^_®¯�çñ�ÏBC�¦D®`E�\�èé PrEP
�ÏÄ���FGH�¯��ó�ôõ�®×I£���¡JC�¦��KÏ¸¦�L¦MN�PrEP���¦
HIVÈÉÁ°½àáO¦ÊË�PQ����ÅÆÇ¦ÈÉëR�Î�Sñç"�­�¦T¬�9O¦ÒÓ®
¯�¡
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����������������������¡¢£��¤¥¦§¨©ª«¤¬®¯°±§£�²³´�µ¶
£· HIV��¸¹ ART��º����»�¼��¹½¾¿¹¯À�Á��Â�ÃÄÅÆ��¸¹ DTG�»
ÇÈÉÊË¨©¼�ÌÍÎÏ»ÐÑ¼ÒÁ�»ÓÔ¼ÒÒÕÖ×��²�Á��70ØÙÚ�²Û�Ë AIDS
§ÜÝÞß�X�21àºá ART»âãÞßäåÒ²X�13à������� ­��æ�ÞßÒ²æ�ç¤è
éË��CD4��êëìíî 268/μL�HIV�RNA� 740copy/mLËÀá�����èé�ä NRTI�ïM
184V�PI�ï�ðî¤��»ñÕÒ²7Ï¤ ARTòóôë¤�õ¼���»ö÷¼äåÒ²Xà�¹øù
ú�StageII�§ÜÝÞß�ûüý��»þÿ���~�¹½¾¿¹¯}|¼�{�¯[\ÞßÒ²]^�¤
_	»Ç`���ÒÕ�Ã@?Æ�>Å=<;:Â//.-ê,+Æë*�)DTG��õ¼�ÇÈÉÊË¨©
��(§�¼Ò²�ª«�DTG¤ÌÍÎÏ§�CD4��êëìíî�HIV�RNA�¤'&+êëÄ»%$¼Ò²
�#"�X)1!0~¤¨©1 3ç2ÌÍÎÏ¯ 1.2μg/mL�X)2!0~¤¨©1 4ç2¤ÌÍÎÏ¯ 3.8μg/
mL34 HIV�RNA� 20copy/mL56ËÀ7Ò²8Ò�X)4!0~¤¨©1 3ç2ÌÍÎÏ¯ 4.8μg/mL
34 HIV�RNA� 20copy/mL56ËÀ7Ò²8Ò�CD4��êëìíî��9ßAß 248/μL�186/μL�205/
μLËÀ7Ò²�¬B�NRTI�ï¤��¯Àá�NRTICD¤ ART�ÉE¯À7Ò¯�DTG§¤CDË�F
£����Gë-HI�¯JKßÒ²8Ò�DTG¤¨©1ÌÍÎÏ���ë+ÆLI=MI.�Ö×Þßä
å� EC90ËÀ� 0.32μg/mL§ÞßäNá�OÁ�Ë��PÎÏ»JKßäå�§QÝ¼Ò²8Ò�¨©ª
«¤�õ~R�F£����Gë-HI�¯JKßÒ²³~R����¯À�Á�Ë¤ ARTòóôë§
µ¶£��¤ÇÈÉÊ�Nÿ��PÌÍÎÏ»èS¼äåTÒå²
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¦§¨©ª HIV�«¬®¯°±�²³¡´�µ¶·¸¹º�»¼¯¹º�½�¾¿ÀÁ� ¸Â�«Ã�
ÄÅÆÇÁÈÉ¾Ê¾�� »¼²³¡´¯°ÈÂ�ËÌ«ÍÎ¼©ÏÐ¾Ç�ÑÒ�� »¼²³¡´Ó
ÔÕÖ×ÅÁØÙ¯©��ÚÅ�ÛÜ�ÝÞÓßàáÄ¸âãä¨åÈÉæÄçè«��¯�ÁÇ©��Û
Ü�ÝÞÓéêÀÈë�©ÅÁ¸�Ü�ÝÞ¯ìíÓ�îÈ�ïÓðàñòÅ��¯�ÁÇ©�ÛÜ�ÝÞ
éê¸ó�¨åÈÉ�ÛÜ�ÝÞ©�ôõöô÷£´��Ûøùú��ûüýþ¯�ÿÈ�Û«�~�}|�
{[�\�¯]ÀÈ^_Åè«�ï¨`@ÀÈã_¼¸åÈÉ¦?�>�¨=<¾Ø�ÛÜ�ÝÞéê¸ó
�¨åÆØ 2à«��Ó;:ÀÈÉ/�� 1.ô�¥-,�¯°È+*�)¯Ç�+*«­}('¸&%$Ø
��É#"¯ EFV+TAF/FTCÓ+�ÊÑ!�¾�HIVÂ�Ó01¾ØÉ2+�34«ØÙ¯�Û«�~¸
56Ä78¾�9AÀÈáÄ¸�éÖ$ØØÙ�EFV«Ü�ÝÞéêÓ&Á���BCÓ&ÆØÉ/�� 2.
DEFGHI¯�ÁÇ�RFP+INH+EB+PZA« 4 ¨DEÂ�¸01ÉJ«"¯ RAL+ABC+3TC¯Ç HIV
Â�Ó01¾ØÉRAL© RFP«�Ûøùú�¯°ÈÜ�ÝÞ9AÓK�¾�56« 2L�¨01ÉJ«"�
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