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21 Abstract:
22 People living with HIV suffer multiple comorbid conditions related to chronic 
23 inflammation at increased rates compared to the general population, even 
24 when on effective antiretroviral therapy. In particular, current data indicate 
25 that the increased incidence and severity of neurocognitive impairment (NCI) 
26 are associated with unresolved neuroinflammation. Attempts to treat NCI in 
27 people living with HIV by reducing inflammation have thus far been 
28 unsuccessful, suggesting that a more mechanistic understanding of 
29 inflammatory processes in the CNS during HIV is necessary. Here, we use iPSC-
30 derived microglia (iMg) and astrocytes (iAst) to model HIV infection in the CNS. 
31 We show that our iMg robustly express markers associated with microglial 
32 identity and are susceptible to HIV infection, but exhibit lower HIV replication 
33 rates and weaker immune response to HIV challenge compared to monocyte-
34 derived macrophages. Coculture of iAst with iMg leads to a much stronger pro-
35 inflammatory immune response, and, surprisingly, a robust increase in rates 
36 of HIV replication. Increased replication in iMg/iAst cocultures is associated 
37 with higher levels of multiple pro-inflammatory cytokines, including TNF, 
38 which is produced by iAst upon exposure to HIV-infected iMg. Addition of 
39 exogenous TNF to iMg during HIV infection is also sufficient to increase rates 
40 of replication, and neutralization of TNF via adalimumab/Humira treatment 
41 in iMg/iAst cocultures reduces replication. Blocking NF-kB signaling with iKK 
42 inhibitor Bay-11-7082 (Bay-11) demonstrates that increased HIV replication in 
43 iMg/iAst cocultures is due to increased NF-kB activity. Finally, we show that in 
44 HIV-infected iMg there is movement of lysosomes to the periphery of the cell 
45 membrane and release of lysosomal content into the extracellular space, 
46 suggesting that this dysregulated lysosomal flux could further contribute to 
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47 the pro-inflammatory microenvironment. We propose that this altered 
48 lysosomal trafficking and increased cytokine production drives a pro-
49 inflammatory phenotype in glia and represents a potential source of 
50 unresolved neuroinflammation in people living with HIV. 
51
52 Acronyms and abbreviations used in this manuscript:
53 HIV (Human Immunodeficiency virus), neurocognitive impairment (NCI), HIV-
54 Associated neurocognitive disorder (HAND), HIV-associated brain injury 
55 (HABI), People living with HIV (PLWH), Anti-retroviral therapy (ART), Central 
56 nervous system (CNS) cerebrospinal fluid (CSF), Induced pluripotent stem cells 
57 (iPSCs), iPSC-derived microglia (iMg), iPSC-derived astrocytes (iAst), coculture 
58 (CC), conditioned media (CM), monocyte-derived macrophages (MDM), 
59 common myeloid progenitor (CMP).
60
61 Introduction:
62
63 Approximately 40 million people worldwide are currently living with HIV. Since 
64 the advent of anti-retroviral therapy (ART), progression to acquired 
65 immunodeficiency syndrome (AIDS) has greatly declined1. Most people living 
66 with HIV (PLWH) on ART successfully achieve viral suppression if their 
67 treatment is not interrupted, eventually reaching a state in which viral RNA is 
68 undetectable in peripheral blood and transmission is not possible2. Indeed, 
69 PLWH on ART now have a lifespan nearly comparable to people without HIV1,3. 
70 Despite this remarkable progress, PLWH remain at increased risk for multiple 
71 chronic noncommunicable comorbidities, with heart disease, cancer, and 
72 cognitive decline being more likely to impact PLWH at earlier ages4, 5. 
73 Symptoms of neurocognitive impairment (NCI) are especially prevalent in 
74 PLWH once they reach the age of 504. NCI represents a significant unmet 
75 challenge because roughly 50% of PLWH on ART develop some level of NCI or 
76 are diagnosed with HIV-associated neurocognitive disorder (HAND)6, 7. 
77
78 HAND is a spectrum of cognitive, behavioral, and motor deficits of varying 
79 severity that are often observed in PLWH. Viral contributions to 
80 neuropathology that lead to these deficits are referred to as HIV-associated 
81 brain injury (HABI)8. Importantly, HABI and associated symptoms of NCI tend 
82 to persist despite suppressive ART9. Persistent NCI in the context of 
83 suppressed viremia reduces quality of life for PLWH and therefore necessitates 
84 a deeper mechanistic understanding of the underlying pathological processes 
85 in the central nervous system (CNS). 
86
87 Chronic inflammation is a pathological hallmark common to the diseases and 
88 comorbidities associated with HIV4, 10.  Increases in systemic TNF, IL-6, and 
89 IL-1 in PLWH  are associated with increased incidence of both end-organ 
90 damage11 and HAND9. Further, various single nucleotide polymorphisms in 
91 coding exons of TNF have been shown to increase the risk of several NCI 
92 symptoms in PLWH12. Additionally, indicators of neuroinflammation in the 
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93 cerebrospinal fluid (CSF) such as increased levels of neopterin, CCL2, TNF, 
94 and IL-6 are associated with an increased severity of NCI in PLWH13, 14. Given 
95 this association of multiple pro-inflammatory species with increased incidence 
96 and severity of comorbid conditions in PLWH, numerous immunomodulatory 
97 therapies have been explored in attempts to resolve chronic inflammation and 
98 improve quality of life for these individuals with limited success5, 15.  Therefore, 
99 a mechanistic model of sources of neuroinflammation in the context of HABI 

100 is essential to inform clinicians of ideal cellular targets for anti-inflammatory 
101 adjunctive therapies that may be capable of mitigating HIV-associated NCI.
102
103 The precise mechanism through which HIV first accesses the CNS is a subject 
104 of ongoing study16, 17, 18 . However, it is clear that myeloid cells in the CNS, 
105 including microglia and border-associated macrophages, begin harboring HIV 
106 shortly after initial infection19 and typically before seroconversion20. This 
107 suggests that myeloid cells in the CNS serves as a viral reservoir for HIV in 
108 virtually all cases21. In the CNS, resident macrophages and microglia express 
109 CD4, CCR5, and CXCR4, and are the primary targets for HIV infection22. Even 
110 in the presence of suppressive ART, low level viral transcription and 
111 downstream neuroinflammation can occur in PLWH, and increased persistence 
112 of HIV transcription is associated with increased severity of NCI20, 23, 24, 25. 
113 Interestingly, the extent of neuroinflammation and neurotoxicity in PLWH on 
114 ART often exceeds the degree of pathology that can be explained by the 
115 modest levels of viral infection and HIV gene expression observed in the CNS. 
116 Indeed, recent transcriptomic studies of ex-vivo microglia isolated from PLWH 
117 on ART have shown that only roughly 0.5% of microglia harbor viral RNA 
118 transcripts26. This indicates that ongoing neuroinflammation and injury occur 
119 in the absence of direct viral-induced damage. In other words, there must exist 
120 mechanisms that contribute to tissue damage in the CNS that are at least 
121 somewhat independent of ongoing productive viral replication. These findings 
122 have prompted multiple studies on the role that bystander cells such as 
123 astrocytes may play in the context of HAND and HIV NCI. 
124
125 Astrocytes, the most numerous cell type in the CNS, perform many critical 
126 neurotrophic functions under homeostatic conditions27. Additionally, 
127 astrocytes act to maintain the integrity of the blood brain barrier and 
128 contribute to immune responses to potential infectious challenges in the 
129 CNS27. Some studies suggest that astrocytes are capable of harboring HIV 
130 infection28, 29, but evidence of active viral replication in astrocytes is limited 
131 and this remains an area of active debate2028, 29, 30. However, evidence of 
132 reactive or gliotic phenotypes among astrocytes is a common pathologic 
133 hallmark of many neuroinflammatory and neurodegenerative conditions and 
134 is associated with more severe NCI in PLWH20, 31, 32, highlighting the role for 
135 astrocytes in HABI. 
136
137 Studying the immune response of both microglia and astrocytes during HIV 
138 infection of the CNS at the mechanistic level has been challenging due to the 
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139 difficult nature of obtaining and culturing microglia in vitro without incurring 
140 broad loss of their in vivo characteristics33. Here, we use a coculture model of 
141 induced-pluripotent stem cell (iPSC)-derived microglia like cells (iMg) and 
142 astrocytes (iAst) to study the immune dynamics and crosstalk between these 
143 two glial populations in the context of HIV infection. We show that iMg express 
144 critical markers of microglial lineage and function and are susceptible to HIV 
145 infection with the patient-isolated strain HIV-1 ADA (HIVADA). We also 
146 demonstrate that HIV is capable of evading various canonical anti-viral 
147 immune responses in iMg and, surprisingly, that the coculture of iAst with HIV-
148 infected iMg robustly increases the rate of viral replication. Our analyses 
149 reveal that this phenotype in cocultures is associated with the presence of pro-
150 inflammatory cytokines produced by iAst, which in turn drive NF-kB activation 
151 in iMg, accelerating viral replication. Targeting pro-inflammatory cytokine 
152 production via neutralizing antibody blockade or attenuating NF-kB signaling 
153 via small molecule inhibition significantly reduces HIV replication rates 
154 observed in the iMg/iAst coculture model. Finally, we demonstrate that HIV 
155 infection in iMg leads to repositioning of lysosomes to the cell periphery and 
156 to increased exocytosis of lysosomal content into the extracellular space. This 
157 process suggests a potential microglia-dependent mechanism through which 
158 iAst become gliotic and begin producing TNF and other pro-inflammatory 
159 molecules, driving the increased HIV replication observed in cocultures. Our 
160 findings provide a mechanistic foundation for the contribution of 
161 neuroinflammation to HABI in PLWH and suggest potential therapeutic 
162 avenues for reducing unresolved pathologic inflammation despite effective 
163 ART. 
164
165
166 Materials and Methods:
167
168 Reagents
169
170 Reagents used in these studies are depicted in Table 1 below. 
171
172 Table 1. Reagents used in these studies
173

Reagent Source / Cat.
Human iPSC-Derived Astrocytes Fujifilm / R1092

Human IL-34 PeproTech / 200-34
Human TGF-1 PeproTech / 100-21
Human MCSF PeproTech / 300-25

B-27 Supplement ThermoFisher / 12587010
Anti IBA-1 Antibody Wako / 019-19741
Anti GFAP Antibody ThermoFisher / 13-0300

Anti LAMP1 Antibody Abcam / ab25245
SNA-Cy3 Vector Laboratories / CL-1303-1

Anti NF-kB p65 Antibody Cell Signal / D14E12
VectaShield Mounting Medium Vector Laboratories / H-1700
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Anti-TNF Antibody (Adalimumab / Humira) Millipore Sigma / A-166
Recombinant Human TNF PeproTech / 300-01A

iKK Inhibitor (Bay-11) Selleckchem / S2913
HIV p24 Alphalisa Revvity / AL291C

Human TNF Alphalisa Revvity / AL3157C
Luminex 48-Plex Cytokine Kit Bio-Rad / 12007283

Cathepsin B ELISA Kit Abcam / ab272205
174
175
176 Differentiation iMg and monocyte-derived macrophages  
177
178 Human pluripotent stem cells derived from the skin fibroblasts of healthy adult 
179 donors were differentiated into common myeloid progenitors (CMPs), as 
180 previously described34, 35.  In all experiments, CMPs were purchased from the 
181 Human Pluripotent Stem Cell Core at the Children’s Hospital of Philadelphia, 
182 which serves as the honest broker and ensures that the lines are completely 
183 de-identified from the original donors.  As such, there are no human subjects 
184 associated with these studies. CMPs were cultured in RPMI (HyClone) 
185 containing 10% FBS containing penicillin/streptomycin with 100 ng/mL IL-34, 
186 50 ng/mL transforming growth factor beta TGFβ, and 25 ng/mL macrophage 
187 colony stimulating factor (MCSF) for 11 days to complete differentiation into 
188 iMg, as previously described36. CMPs were plated at a density of 5  x 105 cells 
189 /mL for all experiments, either in 24 or 96-well glass-like polymer coated 
190 culture plates (Cellvis). For immunostaining on glass coverslips, CMPs were 
191 plated and differentiated at the same density in 24 well glass-like polymer 
192 coated plates with circular coverslip inserts. 
193
194 Monocyte-derived macrophages (MDMs) were differentiated from peripheral 
195 blood monocytes isolated from healthy volunteers using magnetic bead-based 
196 separation carried out by the University of Pennsylvania Human Immunology 
197 Core, as previously described37. Monocytes were plated at 5  x 105 cells /mL 
198 and differentiated in DMEM (Thermo Fisher) containing 10% FBS with 
199 penicillin/streptomycin and 20 ng/mL granulocyte-macrophage colony-
200 stimulating factor for seven days, as previously described37. 
201
202 The University of Pennsylvania Human Immunology core maintains the IRB-
203 approved protocol and the individual core users’ receipt of these cells is 
204 considered secondary use of de-identified human specimens which is not 
205 considered human use by both the NIH and the University of Pennsylvania IRB.
206
207 iMg/iAst cocultures
208
209 Fully differentiated iAst were obtained from Fujifilm38. For monocultures of iAst 
210 and cocultures of iMg/iAst, glass-like polymer coated culture plates (CellVis) 
211 were coated with 1.2 ng/mL laminin in phosphate-buffered saline (PBS) for 2h. 
212 iAst were collected in BrainPhys (Thermo Fisher) supplemented with B27 
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213 (Thermo Fisher) and plated at a density of 105 cells/mL. For iMg/iAst 
214 cocultures, CMPs were plated at 5 x 105 cells / mL in wells containing 104 iAst. 
215 iMg/iAst cocultures were maintained in iMg media containing 10% FBS, 1X 
216 penicillin/streptomycin with 100 ng/mL IL-34, 50 ng/mL TGFβ, and 25 ng/mL 
217 M-CSF in addition to B27. 
218
219 Adalimumab, TNF, and Bay-11 formulation
220
221 Adalimumab (Millipore Sigma), recombinant human TNFα (PeproTech), and 
222 Bay-11 (Selleckchem) were formulated in anhydrous DMSO. Working stocks 
223 were diluted in sterile PBS before preparing media aliquots with appropriate 
224 drug concentrations for treatment of monocultures or cocultures during HIV 
225 infection. 
226
227 HIV Stocks
228
229 HIV-1 Jago is a macrophage-tropic isolate derived from the CSF of a patient 
230 with HIV-associated dementia39. As previously described, stocks were 
231 prepared by infection of primary T-lymphocytes derived from peripheral blood 
232 of healthy volunteers at the University of Pennsylvania Center for AIDS 
233 Research virology core followed by harvesting of cell-free supernatants. 
234
235 HIV-1 ADA (HIVADA) is a patient-derived R5 tropic isolate derived from patient 
236 blood40. As previously described, stocks were prepared via infection of human 
237 t4-lymphoblastoid CEM-SS cells followed by collection of cell-free supernatants 
238 when syncytia were observable in the infected cells40. 
239
240 Concentration of viral stocks was determined by quantifying the amount of 
241 p24 per mL using a high-sensitivity AlphaLISA detection kit (Revvity). For 
242 negative control samples, viral stocks were heat inactivated by boiling at 
243 100°C for 10 minutes then cooled to room temperature as previously 
244 described37. 
245
246 HIV infection 
247
248 For all experiments except RNA sequencing, fully differentiated iMg, MDMs, 
249 and iMg/iAst cocultures were treated with 1 ng/mL p24 HIVADA for 24 hours. In 
250 all experiments, a heat inactivated (dI) viral stock was included as a mock 
251 infection. After 24 hours of incubation, excess virions were removed via three 
252 sequential 60% washes with RPMI – in which 60% of the volume of the infected 
253 well was aspirated and replaced with an equal volume of plain RPMI – on post-
254 infection day 0 (PID 0). Supernatants were collected from cultures at 3, 6, 9, 
255 or 12 days post-infection (PID 3, 6, 9, or 12) for various analyses. Supernatant 
256 collection was accompanied by 50% media changes on infected cells. For 
257 experiments in which infected cultures were treated with adalimumab, 
258 recombinant TNFα, or Bay-11, the reagents were diluted to the indicated 
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259 concentrations in the appropriate media for each culture condition and used 
260 to replace the media after supernatant collection beginning on PID3. For 
261 immunostaining, at indicated timepoints, the cultures were fixed using 4% 
262 paraformaldehyde (Thermo Fisher) in PBS for 20 min at room temperature. 
263
264
265 RNA isolation and sequencing
266
267 Fully differentiated iMg and MDM cultures were infected with 50 ng/mL p24 
268 HIV-1 Jago, using a higher concentration of HIV to increase the number of 
269 infected cells as required for sequencing. Following supernatant collection on 
270 PID 12, MDM and iMg were lysed in wells using the RLT buffer (Qiagen RNeasy 
271 Mini Kit 74104), and pooled RNA was isolated according to manufacturer 
272 protocols. RNA purity and concentration were confirmed using Nanodrop, and 
273 Zymo RNA Clean & Concentrator-25 was used on any samples that did not 
274 pass initial quality control based on an absorbance of ≥ 2 at 260/280 nm and 
275 an absorbance of ≥1.8 at 260/230 nm, with minimum concentration of 50 
276 ng/uL. 
277
278 The remaining steps were performed by Azenta Life Sciences. Briefly, purified 
279 RNA was used for mRNA-enriched library preparation and sequencing via 
280 Illumina HiSeq, with an average read depth of 22 x 106 reads/sample. Reads 
281 were trimmed using Trimmomatic v.0.36 and mapped to the Homo Sapiens 
282 GRCh38 reference genome using STAR aligner v.2.5.2b. Next, in the R 
283 computing environment, raw gene counts were calculated using 
284 featureCounts from the Subread package v.1.5.2. Raw counts were read into 
285 edgeR v.4.4, and low counts below 1 counts/million were filtered out as 
286 unexpressed genes. Counts were then normalized as transcripts/million41. 
287 Significantly differentially expressed genes (DEGs) were defined as those with 
288 a log-fold change ≥ 1.0 and an adjusted p value of ≤ 0.05. DEGs were analyzed 
289 using the gene set enrichment analysis package GSVA v.3.242. Raw data from 
290 the bulk RNA sequencing experiment are available at NCBI GEO (accession 
291 GSE143685). 
292
293 Quantification of HIV p24 and cytokines in culture supernatants
294
295 Supernatants from monocultures of iMg, MDMs, iAst, and from cocultures of 
296 iMg/iAst were collected following HIV infection and various drug treatments at 
297 PID 3, 6, 9, or 12. Supernatants were analyzed in duplicate by AlphaLISA to 
298 determine the levels of HIV capsid protein p24 (Revvity AL291C) or TNFα 
299 (Revvity AL3157C), as previously described according to manufacturer’s 
300 protocols43. Briefly, supernatants were incubated with an anti-target primary 
301 antibody conjugated to streptavidin and biotinylated fluorescent acceptor 
302 beads for 1 h at RT. Next, fluorescent donor beads were added to the samples, 
303 which were incubated for 30 minutes at RT. The fluorescence was quantified 
304 using an Envision Excite plate reader and raw data were interpolated using a 
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305 standard curve to quantify the concentration of target analytes. The limits of 
306 detection on these assays were 1.8 pg/mL (p24) and 1.41 pg/mL (TNFα).
307
308 For unbiased cytokine assays, supernatants  were assayed in duplicate using 
309 the Bio-Plex Pro Human Cytokine Screening Panel, 48-Plex (Bio Rad 
310 #12007283) by the University of Pennsylvania Human Immunology Core. Raw 
311 pg/mL values were presented indicated in scatter plots and fold change 
312 normalized to negative control (iMg treated with dI HIV) were presented as 
313 heat maps. 
314
315 iAst Monoculture Treatments
316
317 iAst monocultures were plated at 1 x 104 cells per well on 96-well glass-like 
318 polymer coated plates coated with 1.2 ng/mL laminin for 2h at 37°C. iAst were 
319 treated with either 50% conditioned media  from HIV-infected iMg, 100 ng/mL 
320 lipopolysaccharide, 10 ng/mL IL-1ß, or 10 ng/mL HIVADA for 24 h. Cytokine 
321 levels in collected supernatants were analyzed by Alphalisa, or Bio-Plex Pro 
322 Human Cytokine Screening Panel, 48-Plex. Following supernatant collection, 
323 cells were fixed using 4% paraformaldehyde in PBS for 20 min at room 
324 temperature for immunostaining. 
325
326 Immunofluorescence staining
327
328 Cells were fixed in culture plates with 4% paraformaldehydein PBS for 20 min 
329 and washed with PBS and PBS containing 0.1% Tween-20 (PBS-t) (Thermo 
330 Fisher). Cells were then blocked and permeabilized with 1.0% BSA in PBS 
331 containing 0.1% Triton-X (Thermo Fisher)  (PBS-Tx) for 30 min. Cells were then 
332 incubated overnight at 4°C with primary antibodies targeting cell-surface 
333 markers (IBA-1 or SNA for iMg, GFAP for iAst) and proteins of interest (LAMP1, 
334 NF-kB p65) at appropriate dilutions in blocking buffer. Cells were then 
335 incubated for 2 h at room temperature with fluorescently labeled secondary 
336 antibodies corresponding to appropriate antibody host isotypes (1:200) and 
337 4´,6-diamidino-2-phenylindole, dihydrochloride (DAPI, 1:1000). Stained cells 
338 were washed with PBS and stored in PBS at 4°C until imaging. For iMg 
339 differentiated on glass coverslips, coverslips were removed from culture plates 
340 with forceps and then mounted on slides using 20uL of VectaShield antifade 
341 mounting medium. 
342
343 Images were captured using a Keyence BZ-X710 widefield fluorescent 
344 microscope with a 20X objective using DAPI, FITC, and Cy3 filter cubes or Leica 
345 TCS SP8 STED Confocal with a 40X objective. Scale bars were applied using 
346 ImageJ annotation software. For LAMP1 images, lysosomes were quantified 
347 near the cell membrane by manually defining a region of interest within ten 
348 pixels of the cell membrane as indicated by IBA-1 staining and then measuring 
349 the strength of local LAMP1 staining by quantifying the average intensity of 
350 488 staining. For NF-kB p65 quantification, regions of interest were 
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351 automatically selected via thresholding whole cells and nuclei of microglia as 
352 indicated by SNA and DAPI staining, respectively, and strength of local NF-kB 
353 p65 signal was calculated by measuring the intensity of Cy5 staining in the 
354 indicated regions of interest. 
355
356 Statistical analysis  
357
358 Bulk RNA sequencing included three MDM donors and three iMg lines. For 
359 supernatant analyses and immunostaining, two to three differentiations of two 
360 to four iMg lines were used, with data averaged across differentiations to 
361 ensure that the observed changes were biologically and technically consistent. 
362 Numbers of biological replicates for a given experiment are detailed in the 
363 figure legends. HIV p24 and cytokine analyses from culture supernatants were 
364 evaluated using two-way ANOVA or multiple paired t-tests to compare across 
365 culture conditions and treatments, depending on the experimental design. 
366 Image quantifications were analyzed via multiple paired t-tests. Cathepsin B 
367 release was tabulated as fold change compared to untreated iMg 
368 monocultures and analyzed via Mann Whitney test. Whenever possible, data 
369 are visualized as a ‘SuperPlot’ in which technical replicates –distinct 
370 differentiations of a specific donor-derived iPSC line – within a biological 
371 replicate – defined throughout this manuscript as donor-derived iPSC lines 
372 isolated from distinct individuals – are color coded hollow icons, and averages 
373 of the constitutive technical replicates for each biological replicate are 
374 overlayed as a solid-colored point44. ANOVA and t-tests are performed on 
375 biological replicates using Graphpad PRISM version 10.4.2. 
376
377 Results:
378
379 iMicroglia express canonical cell-surface markers and are susceptible to HIV 
380 infection
381
382 In a previous study35, iMg differentiated using this cytokine cocktail have been 
383 shown to successfully exhibit a ramified morphology (Figure 1a) and robustly 
384 express classic microglial lineage markers, including AIF1, TMEM119, P2RY12, 
385 SALL1, SMAD4, PTPRC, ITGAM, TGFBR1, and TGRBR245 (Figure 1b). We have 
386 also previously reported that these iMg exhibit synaptophagocytic function36, 
387 replicating key in vivo characteristics of human microglia. iMg also expressed 
388 high levels of HIV-associated cell-surface receptors CD4, CCR5, and CXCR4 
389 (Supplementary Figure 1a). Accordingly, HIVADA was capable of entry and 
390 active replication in iMg. As expected, replication rates in iMg are reduced 
391 compared to those observed in human MDMs, suggesting that microglia are a 
392 suboptimal cellular host for HIV replication (Figure 1c), despite being 
393 permissive to infection. This may be due to a reduced expression of the HIV 
394 coreceptor CCR5 in iMg compared to the MDMs (Supplementary Figure 1a). 
395
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396 MDMs have been shown to produce a robust pro-inflammatory response, 
397 including inflammasome activation, following HIV infection46, 47, 37. 
398 Accordingly, we found that HIV-infected MDMs secreted pro-inflammatory 
399 cytokines, such as IL-1β, TNFα, and IL-6, viral restriction factors such as IFNα2, 
400 and multiple chemokines (Figure 1d). In contrast, iMg failed to secrete any of 
401 these pro-inflammatory molecules at significant rates following infection with 
402 HIV at either the protein or the mRNA level (Figure 1d, 1e), with the exception 
403 of IL-1β, which was observed only at the transcript level(Figure 1e) indicating 
404 that mature IL-1β cleavage and secretion was not occurring in HIV-infected 
405 iMg monocultures, indicating reduced canonical anti-viral and pro-
406 inflammatory immune responses in iMg compared to MDMs.  
407
408 Coculture of iMg with iAst leads to increased rates of HIV replication
409
410 Given the weak immune response of iMg following challenge with HIV, we 
411 hypothesized that including iAst  in coculture would enable a more pronounced 
412 immune activation. Various groups have also shown that differentiating iMg in 
413 the presence of other neuronal cells produces a more functional microglia 
414 population with a morphology more akin to homeostatic ramification typically 
415 observed in vivo48. Similarly, our iMg adopted a more readily observable 
416 ramified morphology under homeostatic conditions when differentiated in the 
417 presence of iAst (Figure 2a).  
418
419 Surprisingly, the coculture of iMg with iAst led to a significant increase in HIV 
420 replication. Presence of iAst in a 1:5 ratio with iMg led to HIV virion production 
421 an order of magnitude higher than that observed in infected iMg alone, as 
422 measured by p24 levels in culture supernatants (Figure 2b, 2c). Importantly, 
423 this difference was not observed due to HIV replication in iAst themselves, as 
424 p24 was not observed via immunostaining in iAst in cocultures (Fig 2b) and 
425 production of p24 did not occur to any appreciable level in iAst monocultures 
426 (Figure 2d). This finding suggested that iAst increased the rate of active HIV 
427 replication in iMg without acting as a direct cellular target for HIV in our model. 
428 We next profiled the immune response in iMg/iAst cocultures to identify 
429 potential differences associated with this increase in virion production.
430
431 iAst adopt a pro-inflammatory disease-associated phenotype when exposed to 
432 HIV-infected iMicroglia
433
434 Based on the impact of iAst on HIV replication rates in iMg, we evaluated the 
435 cytokine profile of HIV-infected iMg in the presence and absence of iAst. HIV-
436 infected iMg in monocultures exhibited a modest immune response marked 
437 by the production of CCL2 and IL-8 (Figure 3a, 3b). In contrast, HIV-infected 
438 iMg cocultured with iAst showed significantly increased production of CCL2, 
439 VEGF, IL-6, and TNFα compared to HIV-infected iMg monocultures, suggesting 
440 a more robust pro-inflammatory immune response to viral challenge (Figure 
441 3a -3c). Interestingly, IFNα2 was not significantly upregulated in iMg/iAst 
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442 cocultures compared to iMg monocultures, suggesting that the nature of the 
443 immune response produced by cocultures in response to HIV infection was 
444 more broadly pro-inflammatory rather than specifically anti-viral in nature. 
445
446 Next, we measured cytokine production by iAst in monocultures exposed to 
447 conditioned media of the HIV-infected iMg to determine the pro-inflammatory 
448 molecules specifically produced by iAst (Figure 3a, 3d). The treatment of iAst 
449 with conditioned media from the HIV-infected iMg led to the production of 
450 TNFα, but not that of IL-6 (Figure 3d, Supplementary Figure 3a). This indicates 
451 that factors secreted from HIV-infected iMg were sufficient to drive astrogliosis 
452 and pro-inflammatory cytokine production in iAst. Indeed, exposure of iAst 
453 monocultures to the supernatants from HIV-infected iMg led to a pro-
454 inflammatory phenotype in iAst that is similar to the disease-associated 
455 astrocyte state observed in several neuropathic conditions49. 
456
457 Astrocyte derived TNFα  increases HIV replication rates in iMicroglia via NF-kB 
458 activation
459
460 TNFα has been shown to be sufficient to increase transcription of integrated 
461 HIV genomes in reservoir studies and is considered a stimulus capable of 
462 accelerating active rather than latent or transcriptionally silent HIV infection50, 

463 51, 52. Indeed, TNFα was shown to be sufficient to trigger reactivation of 
464 transcriptionally silent HIV infection in a microglia-derived cell line53. As such, 
465 we hypothesized that iAst-derived TNFα led to an increase in HIV replication 
466 observed in iMg cocultured with iAst. We tested this via addition of exogenous 
467 recombinant TNF to monocultures of iMg infected with HIV and antibody 
468 blockade of TNFα in infected iMg/iAst cocultures. As expected, recombinant 
469 TNFα was sufficient to significantly increase HIV replication rates in 
470 monocultures of iMg (Figure 4a). Conversely, the neutralization of TNFα in 
471 infected cocultures via adalimumab treatment significantly reduced HIV 
472 replication, but not to the level observed in untreated iMg monocultures 
473 (Figure 4b). This suggested that while TNFα could drive increased HIV 
474 replication, it is likely not the only pro-viral factor secreted by iAst that acts to 
475 promote HIV replication in iMg in our model. 
476
477 We hypothesized that the mechanism through which TNFα augmented HIV 
478 replication was dependent of NF-kB nuclear translocation. TNFα is a known 
479 inducer of NF-kB signaling54, 52, and numerous studies have shown that NF-kB 
480 nuclear translocation can lead to increased transcription of the integrated HIV 
481 genome55, 53, thereby increasing viral replication. We tested this by treating 
482 HIV-infected iMg/iAst cocultures with the Bay-11-7082 (Bay-11), which binds 
483 and inhibits inhibitory kappa beta kinase (iKK), preventing the phosphorylation 
484 and subsequent nuclear translocation of NF-kB p6556. Bay-11 treatment at 10 
485 μM abrogated the observed increase in viral replication in iMg/iAst cocultures, 
486 suggesting that NF-kB signaling is critical for HIV replication in iMg (Figure 4c). 
487 Importantly, treatment of infected iMg/iAst cocultures with 10 µM Bay-11 
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488 reduced HIV replication to levels comparable to those observed in untreated 
489 iMg monocultures, suggesting that NF-kB signaling is the main mechanism 
490 driving the observed increase in viral replication in iMg/iAst cocultures. 
491 Additionally, Bay-11 treatment also abrogated the observed increase in TNFα 
492 production detected in HIV-infected cocultures, suggesting that astrocytic 
493 production of TNFα in iMg/iAst cocultures also depends on NF-kB signaling. To 
494 confirm that Bay-11 treatment successfully inhibited NF-kB dependent 
495 transcriptional regulation, we stained HIV-infected iMg monocultures and 
496 iMg/iAst cocultures with for NF-kB p65 (Fig 4e-f). Robust nuclear translocation 
497 was observed in iMg treated with 100ng/mL LPS as a positive control, showing 
498 the efficacy of this experimental design. As expected, p65 signal remained 
499 largely cytosolic in uninfected iMg, and nuclear p65 staining was more intense 
500 in HIV-infected iMg/iAst cocultures compared to HIV-infected iMg 
501 monocultures. This increase in nuclear translocation of NF-kB p65 was 
502 inhibited to the level seen in HIV-infected iMg monocultures in the presence of 
503 Bay-11.
504
505 HIV infection causes lysosomal exocytosis in iMicroglia 
506
507 Given the robust pro-inflammatory phenotype observed in iAst exposed to 
508 conditioned media from infected iMg (Figure 3b), we hypothesized that factors 
509 secreted by infected iMg following HIV infection caused reactive gliosis in iAst. 
510 A recent proteomic study of HIV-infected macrophages showed that infection 
511 led to exocytosis of lysosomes, creating a pro-inflammatory 
512 microenvironment57 and a study of HIV infection in microglial cell lines 
513 demonstrated a similar mechanism58. Additionally, multiple HIV viral proteins 
514 have been shown to be sufficient to alter lysosomal position, pH, and function 
515 in various cell types59, 60, 61.
516
517 Thus, we hypothesized that HIV infection in iMg would alter lysosomal 
518 distribution, leading to lysosomal exocytosis and reactivity in iAst. Indeed, 
519 monocultures of HIV-infected iMg have lysosomes more proximal to the 
520 plasma membrane as determined by LAMP1 immunostaining (Figure 5a, 5b). 
521 Additionally, supernatants from HIV-infected iMg monocultures and iMg/iAst 
522 cocultures both had increased extracellular levels of cathepsin B compared to 
523 uninfected controls, indicating the release of lysosomal content into the 
524 extracellular space following HIV infection (Figure 5c). Interestingly, both iMg 
525 monocultures and iMg/iAst cocultures showed substantial cathepsin B release 
526 upon treatment with heat-inactivated (dI) HIVADA, suggesting that residual viral 
527 protein or nucleic acids remaining in this formulation are sufficient to perturb 
528 lysosomal flux in glia (Supplementary Figure 5a).  These data provide a 
529 mechanism through which HIV infection in iMg creates a pro-inflammatory 
530 micro-environment driving astrocytic reactivity. 
531
532 Discussion:
533
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534 We show that our iMg reliably model in vivo microglia, including canonical cell 
535 surface marker expression and morphology. iMg allow the modeling of HIV 
536 infection in vitro and show a reduced immune response to HIV compared to 
537 other cell types susceptible to HIV infection, as shown in other recent studies 
538 of iPSC-derived microglia40. We also demonstrate that coculture of iMg with 
539 iAst leads to robust increases in the rate of HIV replication. This increase in 
540 viral replication is associated with astrocytic production of pro-inflammatory 
541 cytokines, particularly TNF, which drive NF-kB signaling, in turn leading to 
542 greater rates of viral replication in iMg. We also show that iAst exposed to 
543 infected iMg or soluble factors produced by infected iMg develop a pro-
544 inflammatory disease-associated phenotype. This astrocytic activation is 
545 associated with dysregulated lysosomal flux and increased lysosomal 
546 exocytosis from iMg following HIV infection as measured by cathepsin B 
547 release. 
548
549 Recent studies on HIV infection in the CNS of PLWH on ART have shown that, 
550 while pathologic changes constitutive of HABI such as inflammation, synaptic 
551 damage, and white matter abnormalities may be somewhat widespread62, 
552 productively infected leukocytes are quite rare in the CNS63, 32, 28. In fact, a 
553 recent study estimated that only roughly 0.5% of microglia actively transcribe 
554 viral RNAs, which indicates infection26. Despite the minimal presence of HIV 
555 virions in the CNS, neuroinflammation and HABI continue to worsen overtime, 
556 leading to the onset of or exacerbation of NCI13, 64, 65, 32. The persistence of 
557 pathology in the context of a relative lack of viral infection suggests triggers 
558 of damaging neuroinflammation and gliosis that persist independently of 
559 replication26, 66. Accordingly, our coculture system could be leveraged to study 
560 the neuropathogenic potential of individual viral RNAs or proteins. 
561
562 Our data show that even microglia that are not actively transcribing HIV may 
563 still exhibit dysregulated lysosomal flux (Supplementary Figure 5a). This may 
564 create a pro-inflammatory microenvironment due to the exocytosis of 
565 undegraded cellular materials, leading to astrogliosis. This is a potential 
566 mechanism through which neuronal injury may continue to persist and 
567 perhaps worsen in the setting of suppressive ART. The incidence of 
568 dysregulated lysosomal flux in the CNS of PLWH has not been demonstrated 
569 via immunohistochemistry. However, studies on peripheral biomarkers in 
570 Alzheimer’s Disease patients have shown increased levels of proteins 
571 associated with aberrant autophagy and lysosomal  function such as cathepsin 
572 D in peripheral blood67. Given the abundance of studies demonstrating the 
573 ability of HIV accessory genes to alter lysosomal distribution and drive 
574 lysosomal exocytosis in various cell types57, 60 59, we propose that this is one 
575 mechanism through which residual viral proteins in the CNS66 contribute to 
576 persistence of neuroinflammation and neuronal damage despite suppressive 
577 ART. 
578

13            

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



579 Our cytokine multiplex analysis shows that, while iAst exposed to supernatants 
580 from HIV-infected iMg produce TNFα, this treatment is not sufficient to 
581 significantly induce the secretion of IL-6 by iAst (Supplementary Figure 3a). 
582 However, cocultures of HIV-infected iMg and iAst show a robust production of 
583 IL-6. iAst likely adopt a pro-inflammatory profile following exposure to HIV-
584 infected iMg due to exposure to factors released from iMg such as cathepsin 
585 B and ATP following lysosomal exocytosis and begin secreting TNFα. In turn, 
586 iMg, which robustly express both TNFR-1 and TNFR-2 (Supplementary Figure 
587 2b), respond to this signal by upregulating pro-inflammatory cytokine 
588 production, including IL-6 specifically, as TNFα can induce IL-6 production in 
589 various cell types68,  69. We speculate that this may be a mechanism through 
590 which these pro-inflammatory cytokines are produced at higher levels in 
591 PLWH, potentially contributing to damaging neuroinflammation and HABI89, 13. 
592 Importantly, this study is limited in that quantification of IL-6 and other 
593 cytokines is performed at PID 12, so earlier spikes in cytokine production would 
594 be missed by this paradigm. This will be addressed in future studies. 
595
596 This pro-inflammatory signaling axis elucidated in our model has implications 
597 for various phenomena observed in PLWH. CSF viral escape, i.e., presence of 
598 detectable HIV RNA in the CSF despite suppressive ART with either 
599 undetectable or significantly reduced viral RNA in peripheral circulation, is 
600 observed in 5-15% of PLWH20, 70. Various explanations have been proposed for 
601 CSF viral escape, such as poor penetrance of ART drugs into the CNS, 
602 development of escape mutations that confer drug resistance to novel HIV 
603 strains, and suboptimal patient adherence to prescribed ART. Our results 
604 suggest another potential mechanism: dysregulated lysosomal trafficking in 
605 microglia harboring HIV leads to the activation of neighboring astrocytes into 
606 a reactive, cytokine-producing state. Subsequently, TNFα or other NF-kB 
607 activating cytokines produced by reactive astrocytes promote transcription 
608 from the integrated HIV genome, leading to viral replication. This may lead to 
609 a positive feedback loop as more microglia are infected and begin 
610 experiencing dysregulated lysosomal flux. Evidence for this potential 
611 mechanism also comes from recent studies reporting that CSF viral escape is 
612 associated with both increased neuroinflammation71 and astrocytic 
613 activation72. Future studies, such as single-cell RNA sequencing of brain tissue 
614 of SIV-infected rhesus macaques and  tissue samples from PLWH experiencing 
615 CSF viral escape, are warranted to confirm and further elucidate the role of 
616 microglial lysosomal distress, astrogliosis, and NF-kB signaling in HIV-infected 
617 microglia as a potential signaling axis contributing to the persistence of 
618 neuroinflammation and neuronal injury despite suppressive ART. 
619
620 A recent study has shown that damaged neurons induce HIV expression in 
621 previously latently infected microglia73, indicating a mechanism through which 
622 neuronal injury itself may lead to viral replication and inflammation, creating 
623 a positive feedback loop that in turn may worsen neuronal health and NCI74. 
624 Our data suggest a comparable mechanism through which reactive astrocytes 
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625 rather than damaged neurons modulate HIV replication dynamics in microglia, 
626 driving increased replication via production of pro-inflammatory cytokines 
627 such as TNFα. Therefore, in line with many previous studies, our findings 
628 support the potential therapeutic role of anti-inflammatory agents to mitigate 
629 the incidence and severity of HIV-associated NCI in PLWH. Treatments 
630 designed to target reactive astrocytes may prove to be more feasible than 
631 those aimed at the rare HIV-infected microglia in ART-suppressed individuals, 
632 as astrocytes are a much larger population in the CNS.
633
634 Finally, our data showing dysregulated lysosomal positioning following HIV 
635 infection in microglia and associated lysosomal exocytosis, indicated by an 
636 increase in extracellular cathepsin B, suggest that lysosomal release may be 
637 involved in the propagation of a neuroinflammatory cascade in PLWH either 
638 as a legacy effect produced during acute infection or as a result of residual 
639 viral protein levels or low-level viral replication that may continue to occur 
640 despite ART. Accordingly, small molecules that can reduce lysosomal 
641 exocytosis and associated inflammation, such as the cannabinoid receptor 2 
642 agonist JWH-13357, may be considered for adjunctive therapies to reduce HIV-
643 associated NCI. 
644
645 Figure Legends: 
646
647 Figure 1: iMicroglia express canonical cell-surface markers and are 
648 susceptible to HIV infection. (a). iMicroglia at 11 days in vitro via brightfield 
649 (top, 10X) or confocal (63X, bottom) microscopy. (b). Expression of indicated 
650 microglial lineage genes in iMg at 11 DIV compared to expression in MDM in 
651 log transformed transcripts per million. (c). HIV replication in iMg compared to 
652 MDM as measured by levels of HIV capsid protein p24 via alphalisa following 
653 infection with 1 ng/mL HIVADA. Data are expressed as Mean and SEM of 2 – 3 
654 biological replicates in duplicate. (d). Heatmap indicating relative levels of 
655 indicated cytokines and chemokines produced by HIV-infected MDM (left) or 
656 iMg (right) compared to mock-infected iMg (center) at the protein level, 
657 measured by BioRad Luminex panel. Significant upregulation of analytes 
658 compared to mock-infected iMg are annotated via triangles in individual cells. 
659 Data are condensed from 2(MDM) to 5 (iMg) biological replicates. (e). 
660 Expression of indicated cytokines in iMg  with or without HIV infection with HIV 
661 Jago at 50 ng/mL at PID 12 in log transformed transcripts per million  * = p < 
662 0.05, *** = p < 0.001, **** = p < 0.0001. Multiple paired T-tests. 
663
664 Figure 2: Coculture of iMicroglia with iAstrocytes leads to increased 
665 rates of HIV infection. (a). iMg cocultured with iAst at 11 days in vitro via 
666 brightfield (top, 10X) or widefield (bottom, 40X) microscopy. (b). Widefield 
667 image of iMg (top) or iMg/iAst (bottom) cocultures following infection with 1 
668 ng/mL HIVADA captured at 40X at PID12. (c). HIV replication rates measured by 
669 HIV capsid protein p24 in iMg monocultures (circles) or iMg/iAst coclutures 
670 (triangles) after infection with 1 ng/mL HIVADA. iMg lines derived from distinct 
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671 donors (eg biological replicates) are indicated by different colors, and 
672 averages + SEM of technical replicates within each of the 4 groups of biological 
673 replicates are indicated by the overlayed solid-colored points and error bars. 
674 iMg lines included in this experiment are WT6 (black), WT10 (red), WT15 
675 (blue), and WT17 (green). (d). HIV replication rates measured by HIV capsid 
676 protein p24 in iMg monocultures (circles), iMg + iAst cocultures (triangles), 
677 iAst monocultures (inverted triangles) after infection with 1 ng/mL HIVADA or 1 
678 ng/mL heat inactivated (dI) HIV (x). iMg groups include data condensed from 
679 four biological replicates, iAst groups include data condensed from three 
680 technical replicates. * = p < 0.05, ** = p < 0.01, **** = p < 0.0001. Two-way 
681 ANOVA (c) or Multiple paired T-tests (d).
682  
683 Figure 3: iAstrocytes adopt a pro-inflammatory disease-associated 
684 phenotype when exposed to HIV-infected iMicroglia (a). Heatmap 
685 indicating relative levels of indicated cytokines and chemokines secreted by 
686 HIV-infected iMg monocultures (iMg+HIV, center), iMg/iAst cocultures 
687 (CC+HIV, right), and monocultures of iAst exposed to supernatants from HIV-
688 infected iMg (iAst+iMg HCM, left) measured by biorad Luminex assay. Infected 
689 groups were treated with 1 ng/mL HIVADA. Color indicates log fold change 
690 compared to negative control (iMg + dI). Significant up/downregulation of 
691 analytes compared to HIV-infected iMg monocultures are annotated via 
692 triangles in individual cells. Data are averaged from 3 (iAst) to 5 (iMg and 
693 coculture) biological replicates (b). Raw pg/mL values measured by biorad 
694 Luminex of indicated cytokines and chemokines produced by HIV-infected iMg 
695 monocultures (circles), HIV-infected iMg + iAst coclutures (triangles).  Data 
696 include 5 biological replicates. (c). TNFα levels secreted by HIV-infected iMg 
697 and HIV-infected iMg/iAst cocultures measured by biorad Luminex assay. iMg 
698 lines derived from distinct donors (eg biological replicates) are indicated by 
699 different colors, and averages + SEM of technical replicates within each of the 
700 4 groups of biological replicates are indicated by the overlayed solid-colored 
701 points and error bars. iMg lines included in this experiment are WT6 (black), 
702 WT10 (red), WT15 (blue), and WT17 (green). (d). TNFα production measured 
703 via alphalisa for monocultures of iAst treated for 24h with the indicated stimuli. 
704 Data include 5 biological replicates per group measured in duplicate. * = p < 
705 0.05, *** = p < 0.001, **** = p < 0.0001. Multiple paired T-tests.
706
707 Figure 4: Astrocyte derived TNFα increase HIV replication rates in iMg 
708 via NF-kB activation (a). HIV replication rates measured by HIV capsid 
709 protein p24 in iMg monocultures following infection with 1 ng/mL HIVADA and 
710 addition of recombinant TNFɑ at indicated concentrations. iMg lines derived 
711 from distinct donors (eg biological replicates) are indicated by different colors, 
712 and averages + SEM of technical replicates within each of the 2 groups of 
713 biological replicates are indicated by the overlayed solid-colored points and 
714 error bars. iMg lines included in this experiment are WT10 (black), and WT17 
715 (red). (b). HIV replication rates measured by HIV capsid protein p24 in iMg/iAst 
716 cocultures following infection with 1 ng/mL HIVADA and addition of TNFɑ 
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717 neutralizing antibody adalimumab at indicated concentrations. iMg lines 
718 derived from distinct donors (eg biological replicates) are indicated by 
719 different colors, and averages + SEM of technical replicates within each of the 
720 4 groups of biological replicates are indicated by the overlayed solid-colored 
721 points and error bars. iMg lines included in this experiment are WT6 (black), 
722 WT10 (red), WT15 (blue), and WT17 (green). (c). HIV replication rates 
723 measured by HIV capsid protein p24 in iMg/iAst cocultures following infection 
724 with 1 ng/mL HIVADA and addition of iKKɑ inhibitor Bay-11 at 10 µM. iMg lines 
725 derived from distinct donors (eg biological replicates) are indicated by 
726 different colors, and averages + SEM of technical replicates within each of the 
727 4 groups of biological replicates are indicated by the overlayed solid-colored 
728 points and error bars. iMg lines included in this experiment are WT6 (black), 
729 WT10 (red), WT15 (blue), and WT17 (green). (d). TNFɑ production as 
730 measured by alphalisa in HIV-infected iMg monocultures, iMg/iAst cocultures, 
731 and iMg/iAst cocultures treated with 10 µM Bay-11. iMg lines derived from 
732 distinct donors (eg biological replicates) are indicated by different colors, and 
733 averages + SEM of technical replicates within each of the 4 groups of biological 
734 replicates are indicated by the overlayed solid-colored points and error bars. 
735 iMg lines included in this experiment are WT6 (black), WT10 (red), WT15 
736 (blue), and WT17 (green). (e). Widefield microscopy images of iMg or iMg/iAst 
737 cocultures following the indicated treatments. SNA is a lectin staining marking 
738 iMg cellular membranes in Red, GFAP shows iAst in Cyan, NF-kB p65 is 
739 indicated in green and DAPI in blue. All images captured at 40X. (f). 
740 Quantification of (e) via automatic quantification of p65 staining in nuclei 
741 subtracted from whole cell p65 staining. iMg lines derived from distinct donors 
742 (eg biological replicates) are indicated by different colors, and averages + SEM 
743 of technical replicates within each of the 2 groups of biological replicates are 
744 indicated by the overlayed solid-colored points and error bars. iMg lines 
745 included in this experiment are WT15 (black), and WT17 (red). * = p < 0.05, 
746 ** = p < 0.01, **** = p < 0.0001. Two-Way ANOVA (a – d), Multiple paired T-
747 tests (f).
748
749 Figure 5: HIV infection leads to lysosomal release by iMg (a). IBA1 (red), 
750 LAMP1 (green), and DAPI (blue) staining in iMg infected with 1 ng/mL HIVADA 
751 (left) or dI (right) captured at 40X via confocal microscopy. (b). Quantification 
752 of local LAMP1 Mean Fluorescence Intensity in (a). A 10 pixel-wide region of 
753 interest was manually drawn at the plasma membrane of each cell, and mean 
754 fluorescence intensity of LAMP1 staining was measured, indicating trafficking 
755 of lysosomes to the cell periphery. iMg lines derived from distinct donors (eg 
756 biological replicates) are indicated by different colors, and averages + SEM of 
757 technical replicates within each of the 2 groups of biological replicates are 
758 indicated by the overlayed solid-colored points and error bars. iMg lines 
759 included in this experiment are WT6 (black), and WT17 (red). Data are 
760 condensed from 3 (dI) to 6 (HIV) independent experiments. (c). Cathepsin B 
761 measured in culture supernatants from indicated groups at PID 12. Data are 
762 condensed from four biological replicates and plotted as fold-change vs the 
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763 negative control group, iMg + Veh. iMg lines derived from distinct donors (eg 
764 biological replicates) are indicated by different colors, and averages + SEM of 
765 technical replicates within each of the 4 groups of biological replicates are 
766 indicated by the overlayed solid-colored points and error bars. iMg lines 
767 included in this experiment are WT6 (black), WT10 (red), WT15 (blue), and 
768 WT17 (green). * = p < 0.05, **** = p < 0.0001. Multiple paired T-tests (b), 
769 Mann-Whitney test (c).
770
771 Supplementary Figure 1: (a). Expression of indicated HIV-entry related 
772 genes in iMg at 11 DIV compared to expression in MDM in log transformed 
773 transcripts per million  (b). Heatmap indicating relative levels of indicated 
774 cytokines and chemokines produced by HIV-infected MDM (left) or iMg (middle 
775 left) compared to mock-infected iMg (middle right) or iMg treated with 100 
776 ng/mL LPS (right) at the protein level. Data are condensed from 2(MDM) to 5 
777 (iMg) biological replicates. **** = p < 0.0001. Multiple paired T-tests.
778
779 Supplementary Figure 2: (a). Expression of indicated TNFɑ receptor genes 
780 in MDM and iMg with or without infection with HIV Jago at 50 ng/mL in log 
781 transformed transcripts per million. **** = p < 0.0001. Multiple paired T-tests.
782
783 Supplementary Figure 3: (a). Raw pg/mL values measured by biorad 
784 Luminex of IL-6 produced by HIV-infected iMg monocultures (circles), HIV-
785 infected iMg + iAst coclutures (triangles), or iAst treated with conditioned 
786 media from HIV-infected iMg (inverted triangles).  Data include 3 (iAst) or  5 
787 (iMg, CC) biological replicates. (b). TNFɑ levels measured by alphalisa in iMg 
788 monocultures or iMg/iAst cocultures treated with vehicle (PBS) or 100 ng LPS. 
789 iMg lines derived from distinct donors (eg biological replicates) are indicated 
790 by different colors, and averages + SEM of technical replicates within each of 
791 the 2 groups of biological replicates are indicated by the overlayed solid-
792 colored points and error bars. iMg lines included in this experiment are WT15 
793 (black), and WT17 (red). * = p < 0.05, *** = p< 0.001. Multiple paired T-
794 tests(a), One-Way ANOVA(b).
795
796 Supplementary Figure 4: (a). Manual counts of nucleated IBA1-positive 
797 microglia per tile-scan via widefield microscopy at 40X in the indicated culture 
798 conditions. iMg lines derived from distinct donors (eg biological replicates) are 
799 indicated by different colors, and averages + SEM of technical replicates within 
800 each of the 4 groups of biological replicates are indicated by the overlayed 
801 solid-colored points and error bars. iMg lines included in this experiment are 
802 WT6 (black), WT10 (red), WT15 (blue), and WT17 (green).   * = p< 0.05. 
803 Multiple paired T-tests. 
804
805 Supplementary Figure 5: (a). Cathepsin B measured in culture supernatants 
806 from indicated groups at PID 12. Data are condensed from four biological 
807 replicates and plotted as fold-change vs the negative control group, iMg + 
808 Veh. iMg lines derived from distinct donors (eg biological replicates) are 
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809 indicated by different colors, and averages + SEM of technical replicates within 
810 each of the 4 groups of biological replicates are indicated by the overlayed 
811 solid-colored points and error bars. iMg lines included in this experiment are 
812 WT6 (black), WT10 (red), WT15 (blue), and WT17 (green).   * = p < 0.05, **** 
813 = p < 0.0001. Mann-Whitney test.
814
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