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SP Direct infection of microglia in human brain organoids
induces inflammation leading to bystander neuron
dysfunction and death�Implications for HIV�associated
neurocognitive disorder�HAND�

Weili Kong1,2�Julie Frouard1,2,5�Guorui Xie1,2,5�Michael J. Corley6�Ekram Helmy1,2�
Gang Zhang1,2�Roland Schwarzer1,2�Mauricio Montano1,2�Peter Song3�Chao Wang3�
Nadia R. Roan1,2,5�Lishomwa C. Ndhlovu6�Li Gan7�Warner C. Greene1,2,4
1Michael Hulton Center for HIV Cure Research at Gladstone, San Francisco, CA, USA 94158�2Gladstone
Institute of Virology, San Francisco, CA, USA 94158�3Gladstone Institute of Neurological Disease, San
Francisco, CA, USA 94158�4Departments of Medicine and of Microbiology and Immunology, University of
California, San Francisco, CA, USA 94143�5Department of Urology, University of California, San Francisco,
San Francisco, CA, USA 94143�6Division of Infectious Diseases, Weill Cornell Medicine, New York, NY,
USA 14853�7Helen and Robert Appel Alzheimer’s Disease Research Institute, Brain and Mind Research
Institute, Weill Cornell Medicine, NY, New York, USA.

While the introduction of antiviral therapy has strikingly altered the clinical course of HIV infection in
humans, milder forms of HIV�associated neurocognitive disorder�HAND�remain common in the presence
of ART. Microglia are believed to represent the principal cellular targets for HIV infection in the brain but it
remains unknown how microglia infection ultimately induces the dysfunction and death of neurons��the
characteristic finding in HAND.

Two iPSC�derived brain organoid systems�cerebral organoids and choroid plexus�ChP�organoids�were
used as three�dimensional CNS models to study HAND pathogenesis. Based on immunostaining, productive
HIV infection was strictly limited to microglia in both organoid systems. HIV infection was associated with
marked increases in CCL2 and CXCL10 chemokine gene expression as well as the induction of multiple IFN
responsive genes including MX1, ISG15, ISG20, IFI27 and IFITM3. Addition of ART greatly reduced HIV
replication in the organoids. Of note, despite ART addition, low�level production of CCL2 and CXCL10 and
the IFN responsive genes persisted. Single�cell RNA sequencing�scRNA�seq�revealed sharp increases in
expression of the S100 family of inflammatory genes in HIV�infected microglia. The S100 family of gene
products stimulates inflammation by binding to a variety of receptors including the Receptors for Advanced
Glycation�RAGE�, Toll�like receptor 4�TLR4�, CD147/EMMPRIN�extracellular matrix metalloproteinase
inducer�, and specific G�protein coupled receptors leading to activation of master regulators of
inflammation��NF�kappaB and AP1. S100 gene expression was not limited to microglia but instead was
detected in several uninfected cell types including bystander neurons. Within these neurons, expression of
neurotransmitter transporters sharply declined while genes involved in cellular senescence and death
markedly increased. Changes in gene expression detected by scRNA�seq in microglia and other cell types
following HIV infection detected in the scRNA�seq assays were confirmed RT�PCR assays.

Taken together, these studies in iPSC�derived brain organoid highlight how HIV infection of microglia
triggers the expression of genes involved in IFN responsiveness, cellular activation and inflammation that
fundamentally alter the cellular microenvironment in a manner that culminates in the dysfunction and death
of uninfected bystander neurons. We suggest that HAND corresponds to the clinical manifestation of this
cascade of neurotoxic effects that is lessened but not eliminated by antiviral therapy.
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Takuya Yamamoto�Center for Intractable Diseases and ImmunoGenomics, National

Institutes of Biomedical Innovation, Health and Nutrition, Japan�
Takushi Nomura�Division of Virology and Pathology, Joint Research Center for Human

Retrovirus Infection, Kumamoto University, Japan/AIDS Research
Center, National Institute of Infectious Diseases, Japan�

Ole Schmeltz Søgaard�Aarhus University Hospital, Denmark�
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While the introduction of antiviral therapy has strikingly altered the clinical course of HIV infection in
humans, milder forms of HIV�associated neurocognitive disorder�HAND�remain common in the presence
of ART. Microglia are believed to represent the principal cellular targets for HIV infection in the brain but it
remains unknown how microglia infection ultimately induces the dysfunction and death of neurons��the
characteristic finding in HAND.

Two iPSC�derived brain organoid systems�cerebral organoids and choroid plexus�ChP�organoids�were
used as three�dimensional CNS models to study HAND pathogenesis. Based on immunostaining, productive
HIV infection was strictly limited to microglia in both organoid systems. HIV infection was associated with
marked increases in CCL2 and CXCL10 chemokine gene expression as well as the induction of multiple IFN
responsive genes including MX1, ISG15, ISG20, IFI27 and IFITM3. Addition of ART greatly reduced HIV
replication in the organoids. Of note, despite ART addition, low�level production of CCL2 and CXCL10 and
the IFN responsive genes persisted. Single�cell RNA sequencing�scRNA�seq�revealed sharp increases in
expression of the S100 family of inflammatory genes in HIV�infected microglia. The S100 family of gene
products stimulates inflammation by binding to a variety of receptors including the Receptors for Advanced
Glycation�RAGE�, Toll�like receptor 4�TLR4�, CD147/EMMPRIN�extracellular matrix metalloproteinase
inducer�, and specific G�protein coupled receptors leading to activation of master regulators of
inflammation��NF�kappaB and AP1. S100 gene expression was not limited to microglia but instead was
detected in several uninfected cell types including bystander neurons. Within these neurons, expression of
neurotransmitter transporters sharply declined while genes involved in cellular senescence and death
markedly increased. Changes in gene expression detected by scRNA�seq in microglia and other cell types
following HIV infection detected in the scRNA�seq assays were confirmed RT�PCR assays.

Taken together, these studies in iPSC�derived brain organoid highlight how HIV infection of microglia
triggers the expression of genes involved in IFN responsiveness, cellular activation and inflammation that
fundamentally alter the cellular microenvironment in a manner that culminates in the dysfunction and death
of uninfected bystander neurons. We suggest that HAND corresponds to the clinical manifestation of this
cascade of neurotoxic effects that is lessened but not eliminated by antiviral therapy.
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SSY�2 Is cellular immunity necessary for HIV cure?
Takuya Yamamoto
Center for Intractable Diseases and ImmunoGenomics, National Institutes of Biomedical Innovation, Health
and Nutrition, Japan

After the success of combination antiretroviral therapy�cART�to treat HIV�1 infection, the current goal
of HIV therapy is to establish a new therapeutic regimen for achieving a functional cure against HIV�1.
Toward a functional cure for AIDS, an induction of effective HIV�specific CD8 T cells has been considered
one of the critical factors. However, which property of CD8 T cells is critically important for the cure
remains elusive. Recently it has been reported that CXCR5+ CD8 T cells in lymphoid tissues, which have
been considered follicular CD8 T�fCD8 T�cells, could control HIV/SIV replication. However, the
contribution of antigen�specific fCD8 T cells toward the functional cure is still under investigation.
To address this point, we have utilized cynomolgus monkeys which naturally control the infection of
SIVmac239, and also the SIVmac239�infected monkeys that were treated with cART during the chronic
stage of infection. We sorted the fCD8 T cells and Tfh cells simultaneously from these monkeys and carried
out flowcytometric analysis/RNAseq analysis to reveal the characteristics of fCD8 T cells and their impact
on the control of latent reservoirs.
In this talk, we will share our current findings in these experiments to address the question of whether
cellular immunity is necessary for HIV cure or not.
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on the control of latent reservoirs.
In this talk, we will share our current findings in these experiments to address the question of whether
cellular immunity is necessary for HIV cure or not.

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

�����������

 	
	
MICROLINE



�
�
�
�
�
�
�
�

274 � 94 �

SSY�3 The development of a novel animal model for analyzing
immune responses in tissues which contributes to
eliminating the HIV reservoir.

Takushi Nomura1,2
1Division of Virology and Pathology, Joint Research Center for Human Retrovirus Infection, Kumamoto
University, Japan�2AIDS Research Center, National Institute of Infectious Diseases, Japan

The development of cART decreased AIDS�related deaths in people living with HIV, though the
treatment to eliminate the HIV reservoir completely, leading to the HIV cure remains unachieved. Effective
host immune in combination with ART would be required to eliminate the re�activated reservoir. It is
suggested that reservoirs are not localized in a typical cell population but are widely distributed in various
tissues/cell populations. Understanding the characteristics of individual reservoirs in tissues/cell
populations and the factors essential for eradication is important for developing the HIV cure. We recently
examined the mechanism of SARS�CoV�2 severity in Nr4a3�Tocky mice, which enables in vivo analysis of
temporal dynamics of TCR signaling input. Old mice exhibited severe weight loss and pneumonia, while
younger mice developed mild pneumonia and transient weight loss. Younger mice induced significantly
higher T�cell responses in the lungs than old mice, suggesting that the dynamics of T�cell responses in the
lungs could associate with the severity mechanism. Thus, analyzing T�cell responses in tissues using suitable
tools and animal models is important for elucidating the pathogenesis of infectious diseases. To establish
effective animal models for HIV reservoir in the brain tissue, we are constructing conditional HIV�1 antigen
expression mice by Tamoxifen�inducible CreER/loxP recombinases system. This pathogen�free mouse
model would contribute to analyzing brain immune responses against both initial and persistent antigen
expression.
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SSY�4 The role of bNAbs in HIV curative strategies
Ole Schmeltz Søgaard
Aarhus University Hospital, Denmark

As the neutralization potential and mechanisms of action of broadly neutralizing antibodies�bNAbs�
become increasingly clear, the current major challenge is to design HIV cure strategies that exploit bNAbs’
full potential. This presentation will be focused on reviewing the promising data that has emerged from
recent clinical trials and discussion the challenges that must be considered to optimized the impact of
bNAbs on HIV persistence. These challenges include�1�combining potent bNAbs that target separate
epitopes and testing for sensitivity are essential to counteract viral resistance�2�boosting immune
responses through immune modulators and therapeutic vaccines may be necessary to overcome immune
exhaustion, and 3�timing and duration of interventions may play a critical role, and there is an increasing
interest for early intervention at ART initiation in PWH. Building upon the recent observations, new trials
are now underway that will generate further insights into what is needed to take HIV cure and treatment
strategies to the next level.
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SY8�1 Understanding persisting HIV�specific CD8 T cells with
residual viral reservoir under ART initiated from acute and
chronic HIV infection for HIV remission

Hiroshi Takata1,2
1Vaccine and Gene Therapy Institute, Oregon Health and Science University�2Joint Research Center for
Human Retrovirus Infection, Kumamoto University

Harnessing CD8� T cell responses is being explored to achieve HIV remission. Although HIV�specific
CD8� T cells become dysfunctional with a short�lived phenotype without treatment. Antiretroviral therapy
�ART�partially restores their function and ART initiation in acute HIV infection leads to a lower HIV
reservoir size and induces functionally superior HIV�specific CD8� T cells compared to those generated
when ART is initiated during chronic HIV infection. We hypothesized that it is the active HIV reservoir that
persists during ART that contributes to the residual dysfunction of HIV�specific CD8� T cells and prevents
their differentiation into long�lived memory CD8� T cells. We analyzed the associations between the
magnitude and differentiation status of HIV�specific CD8� T cells and the HIV reservoir on ART in people
treated in acute and chronic infection. Although both the HIV reservoir and the CD8� T cell responses
significantly decline after two years of ART, sustained HIV�specific CD8� T cell responses correlated with a
greater reduction of integrated HIV provirus. However, the magnitude of CD8� T cells specific for HIV Gag,
Pol, Nef, and Vif proteins positively associated with the active reservoir size during ART, measured as cell�
associated RNA. Importantly, high HIV DNA levels strongly associated with maintenance of short�lived
HIV�specific CD8� T cells, regardless of ART initiation time. Our data suggest that the active HIV reservoir
maintains HIV�specific CD8� T cell magnitude but prevents their differentiation into functional cells. This
further suggests that residual immune dysfunction driven by the active HIV reservoir on ART could
contribute to the lack of viral control after treatment interruption by preventing the differentiation of
functional stem�like self�renewing HIV�specific CD8� T cells that can mount efficient rapid recall responses.
Therefore, HIV remission strategies will likely need to target transcriptionally active proviruses producing
viral proteins during ART in order to harness HIV�specific CD8� T cells to control rebounding virus after
ART cessation.
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SY8�4 HIV/SIV vs passive neutralizing antibody�synergism with
cellular immunity

����1,2,3

1��������������
��
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HIV/SIV persistence, as opposed to cure, occurs through multi�scale in vivo mechanisms. Such
mechanisms include an eventual failure of endogenous�and mainly cellular�immunity succumbing against
the stringent mass of viral replication, either via canonical target loss, exhaustion, or suboptimal repertoire
priming. How can such limitations be overcome? In this slot, we will look into the patterns of augmented
cellular immunity by passive infusion of neutralizing antibodies in human HIV�1 clinical trials and SIV�
infected macaques, with the latter including our line of work.
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HIV/SIV persistence, as opposed to cure, occurs through multi�scale in vivo mechanisms. Such
mechanisms include an eventual failure of endogenous�and mainly cellular�immunity succumbing against
the stringent mass of viral replication, either via canonical target loss, exhaustion, or suboptimal repertoire
priming. How can such limitations be overcome? In this slot, we will look into the patterns of augmented
cellular immunity by passive infusion of neutralizing antibodies in human HIV�1 clinical trials and SIV�
infected macaques, with the latter including our line of work.
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WS2�1 The roles Gag plays in HIV�1 particle assembly and
subsequent steps.

Akira Ono
Department of Microbiology� Immunology, University of Michigan Medical School

HIV�1 Gag is a viral structural protein that plays a central role in virus spread from infected to uninfected
cells. In infected host cells, Gag is synthesized as a precursor polyprotein of 55 kDa with four major domains
MA, CA, NC, and p6 along with two spacer sequences. The precursor Gag protein is the main building block
of immature virus particles.

Upon release from infected cells, viral protease incorporated in virus particles as a part of the GagPol
fusion protein cleaves the precursor Gag protein into mature Gag proteins, which correspond to individual
domains of the precursor. This Gag cleavage triggers maturation of virus particles during which viral capsid
primarily consisting of the CA protein are formed inside. Following virus entry into uninfected cells, the
viral capsid and the viral genome, reverse transcriptase, and integrase therein traffic through the cytoplasm
to the nucleus where integration of viral DNA into host chromosome takes place. Maturation and the capsid�
mediated post�entry process are now well recognized as therapeutic targets of antiretrovirals.

The precursor Gag protein drives multiple steps essential for infectious virus particle production. These
steps include localization of viral RNA genome to the plasma membrane, formation of protein lattice
structures at the cell surface, growth of the lattice leading to assembly of immature particles, incorporation
of viral glycoprotein Env and viral enzyme�containing GagPol, and recruitment of host ESCRT machinery,
which facilitates release of nascent particles. Although molecular interactions of Gag with each other and
with other viral and host proteins have been intensely studied because of their potentials as therapeutic
targets, our knowledge on Gag interactions with non�proteinaceous host molecules has also been drastically
increasing in recent years.

In my presentation, I will first provide an overview of the roles played by Gag during virus replication
cycle, with an emphasis on its roles at steps prior to virus particle maturation. Then, I plan to discuss
findings from our lab and others on Gag interactions with non�proteinaceous molecules, such as lipids,
tRNAs, and IP6, and their roles in infectious virus particle formation at the cell surface of infected cells.
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Given the long�term care for people living with HIV, it is inevitable to face challenging clinical cases that
require complex decision�making. The European AIDS Clinical Society�EACS�has been engaged in
collaborative efforts across European countries. They have undertaken innovative and energetic initiatives
for the improvement of HIV treatment, exemplified by guidelines and a variety of educational programs. For
the past two years, the Japanese AIDS Clinical Society has collaborated with EACS to facilitate case�based
discussions in clinical settings, providing a valuable platform for productive exchanges and discussions. Once
again this year, doctors associated with EACS will be invited, and clinical cases encountered in both Japan
and Europe will be shared and discussed. The program aims to facilitate practical learning through case
studies and continue to serve as an educational platform for acquiring effective clinical approaches.
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Collaboration with EACS, Case Discussion
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Given the long�term care for people living with HIV, it is inevitable to face challenging clinical cases that
require complex decision�making. The European AIDS Clinical Society�EACS�has been engaged in
collaborative efforts across European countries. They have undertaken innovative and energetic initiatives
for the improvement of HIV treatment, exemplified by guidelines and a variety of educational programs. For
the past two years, the Japanese AIDS Clinical Society has collaborated with EACS to facilitate case�based
discussions in clinical settings, providing a valuable platform for productive exchanges and discussions. Once
again this year, doctors associated with EACS will be invited, and clinical cases encountered in both Japan
and Europe will be shared and discussed. The program aims to facilitate practical learning through case
studies and continue to serve as an educational platform for acquiring effective clinical approaches.
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»� HIV�1ýþ�ÿ~�ß¯«¯ÆÇ�Ý¡ÛÇ«Þä°}� A3F�|È{ A3F Ç A3G ����àá�ä
THP�1��¿ HIV�1��øù¨úÞäûü�THP�1¿ A3F��º�»� HIV�1ýþ�[~�ß¯�ÆÇ�
\â�ä��A3FÇ A3G×Ø¤ A3��º�»Ð HIV�1ýþ�[~�ß¯�ÆÇ�\]â�ä°�Æ¿�A
3A Û¡ A3G ���^¿¨àáâãä THP�1¨ëÔ����øù¨úÞä°�¤ûü�Vifàá HIV�1¤�
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¦§�¨�©ª�¦�«¬ÓÔµ���´µ¶·ÕÌ�Ö×�®�¸Ø�Ù�¡�����ZCCHC3�´µ
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µ¶·»�æç�ßàá RNA�½�¾è������¸�éÙ���
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�QÃÏÇ©º¾ªµÎ¨RSÐ©á¿

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

��������
����
	��
MICROLINE



�
�
�
�
�
�
�

368 � 188 �

WS4�2 ��� HIV�1���� ZCCHC3����
��
	������
�����

�� �
�����������

����
�� HIV
	��������������HIV�1�� ­������ ��������
HIV
	������������������ ­������ ����������� HIV
	��
����������¡¢£�¤¥�Zn¦§�¨�©ª�¦�«¬��� ��®� Zinc Finger CCHC3�
Type Containing 3�ZCCHC3��¯°��±²³´µ¶·�����®��¸�¹º¡��ZCCHC3�´µ
¶·»�¼�½�¾���¿À�±²³´µ¶·�Á¡�ÂÃ��ÄÅ�Æ��Ç�ÄÅ�� ­����
�� �����������������È�� ZCCHC3ÉÊË�Ì��ÍÎ���CÏÐ�ÑÒ�� Zn
¦§�¨�©ª�¦�«¬ÓÔµ���´µ¶·ÕÌ�Ö×�®�¸Ø�Ù�¡�����ZCCHC3�´µ
¶·ÚÛ�����ÜÝ��Þ�́ µ¶·ßàá RNA�´µ¶·ÚÛâã� P�body�ä�¾å�¸��́
µ¶·»�æç�ßàá RNA�½�¾è������¸�éÙ���
����êÅÙ��ZCCHC3�ÕÌëì���1�´µ¶·ÚÛ���2�´µ¶·ÂÃíîï�ð�Þ¸

ñ 2¬�·òóô�õö���¸�Ø�Ù¸�������ZCCHC3��´µ¶·ÕÌ�Ö×�÷À�ø�
�ù��úö�û²üý�þÿ~}| ZCCHC3�¬��ë{¢£�¤¥�¸¸ñ��[\]^_����´
µ¶·ÕÌç�`@�¬��¢Ø�¤¥����

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

��������
����
	��
MICROLINE

The Journal of AIDS Research Vol.25 No.4 2023

�
�
�
�
�
�
�

369 � 189 �

WS4�3 HIV�����������
�� RNA
�� �1�����1�����2�����1�
���3,4

1
	����������������2
	������� ­�����3�������������
����4����������������

�����������¡¢£����¤¥¦§¨©ª«¬®¯°­±²³´�µ©¶·¸¹º����»¼
¡½	¹·¾¿ÀÁ¡�­Â° HIV��ÃÄ¾Å©ª��������Æ·ÇÈÉÊË°ÌÍÎ¹ºÏÄÐ
©ª RNAÃÑÒ¹�Ó©Å¨Ô°ÕÖ·×Ø¶ÙÚ°Û�Ô°ÕÖ·ÜÝÞ��²�������Î¹ºß
à©áÛ°âã¶ÒäÆ¿ÓåÓåÊËÐ©á HIV° RNA¡æ¢£����°���çÎæ������
èéê¶ë�ìÆªmRNAçÎ¹º°íî¨³ª¨�­¡Ó°íîïð°ÜÝÞ��Ã¡ñã·ò¨ó¾¿
µ°âã¡ HIVôõö÷ÃøÄ²³ªÎùúÅ©�ÀÁ¡ÜÝÞ��âã°ûüÎ¹º���� RNA°Ê
ËýþòÃÑÒ¹á¿
��������¨ÉÊË°ÌÍÎ¹ºÏÄ¹á RNA¶ÿð²¦ª­�~¶}|¹á�RNA{�­��¿­
ÂÃ¡�[·ª\�Ý���èéê¶ë�ìÆª 2]°�������¶^_`Ð@á?>²����=�
¶<¾�=�Ð©á����Ã;:¹á?>¨_`Æª\�Ý�¶â/¹á¿ÐÅÃ�µ° 2]°��� RNA
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