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Abstract

Background. Interleukin 17 producing CD4 T cells contribute to control of Mycobacterium
tuberculosis (Mtb) infection in humans; whether infection with Human Immunodeficiency
Virus (HIV) disproportionately affects distinct Th17 cell subsets that respond to Mtb are

incompletely defined.

Methods. We performed high-definition characterization of circulating Mtb-specific Th17
cells by spectral flow cytometry in people with latent TB and treated HIV (HIV-ART). We
also measured kynurenine pathway activity in plasma by LC/MS and tested the hypothesis that

tryptophan catabolism influences Th17 cell differentiation in this context.

Results. We identified two categories of Th17 cells: Tu17 (CD4*Va7.2CD161°CD26%)and T17
(CD4"Va7.2CCR6'CXCR3") cells that were disproportionately reduced in LTBI with HIV-ART,
yet Mtb-responsive IL17-producing CD4 T cells were preserved; we found that IL17-producing
CD4 T cells dominate the response to Mtb antigen but not CMV antigen or staphylococcal
enterotoxin B (SEB); and tryptophan catabolism negatively correlates with Tul7 and T1T17

but not T17 cell frequencies.

Conclusions. We found differential effects of ART-suppressed HIV on distinct categories of
Th17 cells, that IL17-producing CD4 T cells dominate responses to Mtb but not CMV antigen
or SEB, and that kynurenine pathway activity is associated with selective decreases of

circulating Th17 cells that may contribute to tuberculosis immunity.

Key words: Interleukin 17; CD4 T cells; antigen-responsive; immunity; Tuberculosis; ART-

suppressed HIV; kynurenine pathway
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Introduction

Tuberculosis (TB) remains the leading cause of death among people with HIV (PWH) [1] at
least in part because of CD4 T cell depletion [2]. CD4 T cells are critical for immunity to TB,
although the CD4 T cell phenotypes, functions, and antigen specificity that contribute to TB
immunity are incompletely understood. Importantly, the risk of TB in PWH remains higher
than in those without HIV, even after reconstitution by antiretroviral therapy (ART) [3,4],
indicating that the effects of HIV on TB immunity are not simply because of loss of bulk CD4
T cells. Indeed, HIV may preferentially infect Mtb-specific CD4 T cells [5,6], and one or more

defects in Mtb-specific CD4 T cells might be incompletely restored by ART.

Increasing evidence indicates that CD4 T cells that produce interleukin 17 (IL17), broadly
termed T helper 17 (Th17) cells, contribute to control of TB. In Mtb-infected adolescents, IL17
transcriptional signatures decreased in blood of those who progressed to active TB compared
to non-progressors [7]; another study found a subset of CD4 T cells that produce IL-17 in
response to Mtb antigens that is less abundant in TB progressors than in non-progressors [8].
Mtb-responsive CD4" T cells producing IL17 are enriched in human lungs compared to
matched blood and inversely correlated with plasma IL-1[, suggesting a role in control of Mtb
[9]. IL17 producing CD4 T cells are depleted in HIV infection and their depletion contributes

to progression to AIDS through breakdown in intestinal mucosal barrier function [10,11].

Several approaches are used to identify T helper 17 cells (herein denoted “Th17’ cells to include all
subsets regardless of criteria used). IL17 production upon stimulation is the canonical signature of
Th17 cells [12,13]. Although this identifies Th17 cells, it does not classify all cells in the Th17

lineage, and other cells can produce IL17. In blood of healthy donors and synovial fluid of
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rheumatoid arthritis patients, a CCR6" subset contained all IL17-producing T cells expressing
RORC mRNA [14], the transcription factor that supports Th17 differentiation in humans. Use of
CCR6 as a marker of Th17 cells has been replicated in naive cord blood [15], inflammatory
diseases [16] and infections like TB [17]. The cell surface markers CD26 [18,19] and CD161
[20,21] have also been used to identify Th17 cells. CD26" CD4" T cells were demonstrated to co-
express CD161 and CCR6 and enriched for production of IL17 [18]. In transcriptomic studies,
Th17 cells are identified by expression of RORC, IL23R (supports expansion of IL17-producing

cells) and /L1717 mRNA.

Host metabolism impacts immune responses [22] by driving cell differentiation. One example
is the kynurenine pathway of tryptophan catabolism whose products, collectively called
kynurenines, inhibit Th17 while promoting Treg development. [23-26]. In TB, circulating
tryptophan concentrations ([Trp]) decline in persons with LTBI progressing to active TB [27]
and [Trp] increases with TB treatment [23]. Similarly, HIV infected persons have low
circulating [Trp] with a link to pathogenesis [28]. Plasma kynurenine/tryptophan ratios (K/T)
can distinguish humans with active TB from those without and are significantly higher in
MDR-TB patients with or without HIV coinfection compared to controls [23]. Plasma K/T is
also elevated in PWH compared to controls, especially in those who have progressed to
AIDS[25,29]. While a link between K/T and Treg/Th17 ratio has been established in HIV,

similar data are lacking in TB.

Here, we characterized subsets of Th17 cells defined by distinct criteria in participants with
ART-suppressed HIV (HIV-ART), to determine whether IL17-producing CD4 T cells that

respond to Mtb antigens are altered in HIV-ART, and to test the hypothesis that indoleamine
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2,3-dioxygenase (IDO) activity and generation of kynurenines influences Th17 differentiation

in HIV-ART.

Materials and Methods

Participants and sample collection

PBMC and plasma were obtained from adults with or without HIV enrolled in the UCSF
SCOPE cohort [25]. All participants gave written informed consent using protocols approved
by the UCSF Instititutional Review Board. Blood was collected into EDTA-containing tubes
for cell counts and into ACD-containing tubes for purification of plasma and PBMCs.
Processed plasma was stored at -80°C while PBMC were cryopreserved in liquid nitrogen.

Demographic characteristics of the participants are in Tables 1 and 2.

Plasma Tryptophan and Kynurenine measurement
Tryptophan and Kynurenine concentrations were measured by liquid chromatography-mass

spectrometry as previously described [25,29].

PBMC antigen stimulation and Intracellular cytokine staining

Cryopreserved PBMCs were thawed in a 37°C water bath and transferred into pre-warmed R10
media (RPMI 1640 containing L-glutamine with 10% FBS, 1%PenStrep and 1% Hepes). Cells
were centrifuged at 2000rpm for 5 minutes at room temperature, supernatants discarded, and
cells resuspended before adding Sml of warm R10 and transfer to a 6-well culture plate and
resting overnight in 37°C/5%CO; incubator. After resting, 1x10"¢ live cells resuspended in
200uL R10 were transferred to each well of a 96-well round bottom plate and duplicate wells
were stimulated with Mtb peptide mega pool (Mtb300) [30](2ug/ml), CMV pp65 peptide

(1pg/ml) or Staphyloccal enterotoxin B (SEB) positive control (1pug/ml) in the presence of
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125  costimulating antibodies anti CD28 (1pg/ml) and anti CD49d (1pg/ml) (BD). Negative
126  controls received no stimulation. After two hours, GolgiStop and GolgiPlug (BD) were added
127  to one well of each of the stimulation conditions, and the cells were incubated for additional
128 18 hours.

129

130  After 20-hour total stimulation, cells were washed, stained with Live/Dead Fixable Blue Dead
131  Cell stain kit (Invitrogen), washed again, then surface antibody cocktail (aCD3 BV510 clone
132 UCHT1, aCD8 BV570 clone RPA-T8, aCCR7 BV785 clone G043H7, aCD95 Alexa Fluor700
133 clone DX2, aCCR6 FITC clone G034E3, aCXCR3 BV 605 clone G025H7, aCD161 APC-
134 Fire750 clone HP-3G10, aCD69 BV 650 clone FN50, aCD137 BV711 clone 4B4-1, aOX40
135 PE-Cyanine7 clone (Ber-ACT35) and aTRAV1-2 (Va7.2) BV421 clone 3C10 (all from
136  BioLegend), aCD4 BUV496 clone SK3, aCD45RA BUV395 clone 5H9, aCD27 BUV615
137  clone L128, aCD25 BUVS563 clone 2A3, aCD39 BUV737 clone TU66 and aCD26 BUVS805
138  clone M-A261 (all BD)) diluted in Brilliant Violet buffer (BD) was added then kept in the dark
139  for 20 minutes at room temperature., After washing, cells were fixed and permeabilized using
140  eBioscience FOXP3/Transcription Factor staining kit (Invitrogen). Cells were washed twice
141  with 1X eBioscience Perm diluent, then resuspended in intracellular antibody mix (adRORyT
142 Alexa Fluor 647 Clone Q21-559, alFNy BB700 clone 2B7 (both from BD Biosciences), alLL17
143 PE clone BL168, aT-bet PE-Dazzle 594 clone 4B10 (both from BioLegend) and aFoxP3 PE-
144  Cyanine5.5 clone PCH101 (Thermofisher)) in eBiosciences perm diluent. Cells were then
145  washed twice with 1X eBioscience Perm diluent and fixed in 2% PFA. Data acquired on a 5-
146  Laser Aurora Spectral Flow cytometer (Cytek).

147

148  Data and statistical analysis
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149  Spectral flow fcs files were initially analysed using SpectroFlo v3.0 (Cytek) for unmixing and
150  autofluorescence correction. Identification of T cell subsets from unmixed fcs files was
151  performed using Flowjo v10 (Flowjo LLC). Antigen specific cytokine levels are reported after
152  subtraction of values of unstimulated cells for each participant. K/T ratio was determined from
153  the concentrations of tryptophan and kynurenines after quality control checks. Non-parametric
154  tests were used for comparison between two groups for paired (Wilcoxon test) or unpaired
155 (Mann-Whitney test) and p < 0.05 considered significant. Adjusted comparisons between
156  groups in continuous variables were performed with linear regression, transforming outcome
157  variables to satisfy model assumptions. Spearman correlation was used to test the association
158  between parameters with a p < 0.05 considered significant. All statistical analyses used Prism
159 9.0 (GraphPad).

160

161  Results

162

163 Subsets of circulating T helper 17 cells are disproportionately reduced in LTBI with treated
164 HIV

165  To study the effects of LTBI and ART-treated HIV (HIV-ART) on Th17 cells defined by
166  different criteria, we designed a spectral flow cytometry panel encompassing cytokines,
167  chemokine receptors, transcription factors and cell surface markers (Figure 1A&C). We used
168  the following nomenclature: (a) Tul7 are CD26"CD1617 [18,19]; (b) T17 are CCR6"CXCR3-
169  [14,17]; and (¢) TIT17 are CCR6" CXCR3* [17,31]. We first gated out Va7.2" CD4* T cells
170  to exclude MAIT cells that share certain markers with Th17 cells [32], since MAITs can
171 produce IL17 [33].

172
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173  We also stained for RORyT, the Th17 lineage defining transcription factor [34] and used
174  unsupervised clustering and t-distributed stochastic neighbor embedding (tSNE) to determine
175  whether Tul7 and T17 cells express RORyT and/or produce IL.17 upon stimulation with an
176  Mtb peptide mega pool (Mtb300) (Figure 1C). To identify TIT17 (also termed Th1*) cells
177  that respond to Mtb antigens [17], we included T-bet, the Thl lineage transcription factor [35].
178  We found a positive and significant association (r = 0.4472, p = 0.0002) (Figure 1B) between
179  Tul7 and T17 cells, and found that cells in both populations express RORyT and produce IL17
180  (Figure 1C). Therefore, Tul7 and T17 cells express other properties of bona fide Th17 cell
181  populations. T-bet expressing cells were present within Tyl7 and T17 cell populations
182  suggesting a Th1* population that expresses both CCR6 and CXCR3 and likely produce both
183  IFNyand IL17 (Figure 1C).

184

185  As expected, circulating CD4 T cells were reduced in HIV-ART compared with HIV-
186  uninfected participants, (Figure 2A). We first phenotyped CD4" T cell populations based on
187  CD45RA and CCR7 [9] to identify naive, central memory, effector memory and terminally
188  differentiated T cells (Figure S1 A, left). The predominant populations were naive and central
189  memory T cells and there was no difference in the frequency of cells in these memory
190  populations in participants with or without HIV (Figure 2B). CD4"CD45RA"CCR7" (naive T
191  cells) are a heterogenous population, including cells that produce cytokines upon short term
192  stimulation [36], so we characterised the naive T cells further based on co-expression of CD95
193  and CD27 to identify cells with a stem cell-like memory phenotype (Figure S1 A, right). We
194  found no difference in frequencies of CD95'CD27" stem cell-like memory cells or CD95-
195  CD27" ‘true naive’ cells in those with or without HIV (Figure S1 B). Thus, whereas individuals
196  with treated HIV have lower overall frequencies of circulating CD4" T cells than those without

197  HIV (Tables 1 and 2, Figure 2A), their memory states do not differ.
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198

199  Next, we quantitated Th17 cells in those with LTBI without HIV or with HIV-ART and found
200  significantly lower frequencies of Ty17 (CD4*Va7.2CD26'CD161%) and TIT17 (CD4*Va7.2
201  CCR6'CXCR3Y) cells (expressed as % of CD4" T cells) in HIV-ART than in those without
202 HIV (Figure 2C). Although T17 cells (CD4"Va7.2°CCR6"'CXCR3") and Thl (CD4*Va7.2"
203  CCR6'CXCR3") cells were also present at lower frequencies in HIV-ART, the difference was
204  not significant (Figure 2C). These data demonstrate that certain circulating Th17 cell subsets
205 are disproportionately depleted in HIV-ART, while others are relatively preserved.

206

207  Thl17 and regulatory T cells (Tregs) develop under related but distinct cytokine environments
208  [37]. Tregs contribute to immune homeostasis by maintaining unresponsiveness to self-
209  antigens, suppressing exaggerated immune responses, and promoting epithelial tissue integrity
210  [38]. Human Tregs are identified by the expression of high levels of CD25 and the transcription
211 factor FoxP3 [39]. Since the kynurenine pathway has differential effects on Th17 and Treg
212 differentiation, we characterised Treg cells (Figure S2A, left) and found that the frequency of
213 circulating Treg was similar in HIV-ART and those without HIV (Figure S2B). We also found
214 that the frequency of activated (CD39") Tregs did not differ in the two groups (Figure S2A,
215  right) although there was considerable variation in CD39" Treg, especially in HIV-ART
216  (Figure S2 C). We also compared the ratio of Tu17 and T17 cells to Tregs between the groups
217  and found a trend toward a lower Tu17/Treg in HIV-ART than in those without HIV (Figure
218  S2D), but the difference was not significant, and T17/Treg ratios were similar in HIV-ART
219  and those without HIV (Figure S2E). Taken together, we found that certain circulating Th17
220  cell subsets are disproportionately reduced in LTBI with treated HIV, suggesting that even
221  effective treatment of HIV does not reconstitute all Th17 cell subsets equally. We did not find

222 differences in Treg by HIV status.
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223

224 Mtb antigen-responsive IL17-producing cells are enriched in Tyl7 compared with T17
225  populations in HIV-ART

226  Having established that CD26°CD161" Tul7 and CCR6" T17 cells are bona fide Th17
227  populations, we determined whether Tul7 and T17 cells differ in IL17 production after
228  stimulation. HIV-ART participants with LTBI had significantly more IL17" cells in Tu17 cells
229  than in T17 cells upon stimulation with the Mtb300 peptide pool (Figure 3A, left). All except
230  one participant had TL17" cells in Ty17 cells compared with 11 of 21 participants with IL17*
231  cells in T17 cells (Figure 3A, left). We did not have enough cells from participants without
232 HIV (cohort 1) for cytokine analysis. We confirmed this observation in cohort 2; regardless of
233 the sampling time point, there were significantly more IL17" cells in Tu17 cells than in T17
234 cells (Figure 3A, right). We performed a similar analysis after stimulation with SEB and found
235  an opposite pattern: IL17 production was significantly higher in T17 than Tu17 cells (Figure
236  3B). Additionally, CMV peptide stimulation induced equivalent production of IL17 by Tul7
237  and T17 cells, although there was a trend towards higher responses in T17 cells (Figure S3A).
238  These data reveal enrichment of IL17 production to Mtb antigens by a subset of Th17 cells
239  marked by expression of CD26 and CD161 (Tul7) which are distinct from IL17 producing
240  cells that are marked by expression of chemokine receptor CCR6 (T17) and those that produce
241  IL17 in response to SEB or CMV.

242

243 Mtb antigen-responsive IL17-producing CD4" T cells are relatively preserved in people

244 with LTBI and HIV-ART

245  Next, we assessed IFNy and IL17 production after Mtb300 stimulation. In HIV-ART, only 4
246  of 21 (19%) had detectable IFNy responses compared with 11 of 21 (52%) who had detectable

247  IL17 responses (p = 0.0516, Fisher’s exact test). Additionally, the median IL17 response was

10


https://doi.org/10.1101/2023.01.06.523027
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.01.06.523027; this version posted January 7, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

248  higher than the median IFNy response although this did not reach significance (Figure 3C, left).
249  Similar IL-17 responses to Mtb antigen stimulation were observed in people with HIV before
250  and after LTBI diagnosis and treatment. Treatment of LTBI did not change either IFNy or IL17
251  responses although the response magnitudes varied by participant (Figure 3C, right). Similarly,
252  more participants had detectable IL17 responses than detectable IFNy responses at all 3
253  sampling times: prior to being TST positive, and at INH initiation and treatment completion:
254 2/11vs 10/11,3/11 vs 9/11 and 6/14 vs 12/14, respectively (Figure 3C, right).

255

256  To determine whether predominant production of IL17 over IFNy was specific to Mtb antigens,
257  we used a CMV peptide pool to stimulate PBMC from participants (Tables 1 and 2) who had
258  sufficient cells (Figure 3D). This revealed a pattern distinct from that with Mtb300: participants
259  with LTBI and HIV-ART (cohort 1) exhibited higher magnitude and higher prevalence of IFNy
260  than IL17 responses (IFNy: 11/16 (69%) vs IL17: 5/16 (31%)) (Figure 3D, left) (p = 0.0756,
261  Fisher’s exact test). Similarly, in Cohort 2 there was a higher magnitude of IFNy responses
262  than IL17 responses at all time points, reaching statistical significance at baseline (prior to
263  TST") timepoint (Figure 3D — right). As with CMV and in contrast to Mtb300, SEB induced
264  higher magnitude IFNy than IL17 responses (Figure S3B). Together, these data demonstrate
265  that in LTBI and HIV-ART, IL17 responses to Mtb are relatively preserved compared with

266  IFNy responses, and this is distinct compared to CMV and SEB responses. This is also contrary

267  to the commonly held impression that [FNy is the predominant response to Mtb.

268

269  IDO activity is increased in people with LTBI and HIV-ART, and negatively correlates with
270  circulating Thl7 cells

271  We quantitated tryptophan and kynurenine concentrations in plasma of participants with LTBI

272  with or without HIV-ART and inferred IDO activity based on the K/T ratio. We found

11
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273 significantly lower plasma tryptophan concentrations in participants with HIV-ART compared
274  with those without HIV (Figure 4A) and kynurenine concentrations were higher in HIV-ART
275  but did not achieve statistical significance when compared with the HIV uninfected group
276  (Figure 4B). Finally, there was a significantly higher K/T ratio in people with HIV-ART
277  compared to those without HIV (Figure 4C). Although we cannot ascertain the contribution of
278  LTBI to the observed IDO activity because we did not have participants who were not exposed
279  to Mtb, these observations agree with prior reports showing that IDO-1 mediated tryptophan
280  catabolism is elevated in PWH, including those initiated on early treatment and ART-
281  suppressed viral loads [29].

282

283  Since kynurenines favour development of Tregs while suppressing Th17 generation [*°], we
284  determined the correlation of plasma K/T and Thl17 cells, Tregs, and Th17/Treg ratios in
285  Cohort 1 participants. This revealed a significant inverse relationship between K/T and
286  circulating Tu17 and T17 (Figure 4D-E), while there was no correlation between K/T and Tregs
287  (Figure 4D, middle). We also found significant inverse correlations between K/T and
288  Tul7/Treg and T17/Treg (Figure 4D-E). Importantly, we found no correlation between K/T
289 and TITI17, Thl, or IL17" cell frequencies (Fig. S4A-B and data not shown). Although we
290  confirmed high IDO activity (Figure 4) and found reduction in circulating Th17 (especially
291  Tul7) cells in HIV-ART compared to HIV uninfected people (Figure 2), Tregs and the
292  Thl17/Treg ratio were similar in the two groups (Figure S2). Thus, increased IDO activity is
293  associated with a reduction in circulating Th17 cell subsets, but the frequency of IL17
294  producing CD4 T cells does not correlate with IDO activity.

295

296  Discussion

12
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297  Studies that demonstrate Th17 cells contribute to the control of Mtb infection in humans [7-9]
298  used different approaches to identify the cells. We used a combination of cell markers [14,17—
299  21] to broadly characterize Th17 cells and then confirmed that they produce IL17, instead of
300 using IL17 production alone to define Th17 cells [>?]. Since there are cytokine-independent
301 mechanisms of T cell responses, and since cytokine production can be influenced by
302 stimulation conditions, our approach affords a broader characterization of Th17 cells to
303  determine the impact of HIV coinfection. Indeed, a recent study in macaques showed
304  granulomas that controlled Mtb were enriched for T1T17 (Th1*) cells that did not express IL17
305 transcripts [40]. Furthermore, since Mtb-antigen specific cells must traffic to sites of disease,
306  using chemokine receptor expression alone in blood may underreport the population of these
307  cells. Our finding of disproportionate reduction of specific circulating Th17 cell categories in
308  HIV-ART reveals the importance of using multiple criteria to identify CD4 T cells of interest,
309 and that ART-mediated suppression of HIV does not reconstitute all Th17 cell types equally.
310  Studies to identify CD4 T cell defects that contribute to TB susceptibility in HIV and HIV-
311  ART will benefit from higher resolution characterization of CD4 T cell subsets.

312

313 Our finding of a higher magnitude of IL17- than IFNy-producing CD4" T cells in HIV-ART
314 upon Mtb300 stimulation is contrary to the impression that IFNy production is the dominant
315  response to Mtb infection [41]. This may have implications for TB diagnosis since current tests
316  for detection of responses to Mtb antigens rely on IFNy production, whose sensitivity is
317  variable and is impacted by HIV infection [42]. Recent studies revealed evidence that people
318 who have been exposed to Mtb but remain negative by IFNy responses have detectable
319  responses to Mtb antigens when other readouts are used [43]. Until recently, those individuals
320  were thought to remain uninfected by Mtb; our results add weight to the evolving concept that

321  considering IFNy as the canonical responses to Mtb infection requires reconsideration.
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322 Our findings indicate that IL17 responses to Mtb but not CMV antigens or SEB can be
323 preserved in HIV-ART. We hypothesize that IL17-producing cells may be less activated than
324  IFNy-producing cells and/or express the CCRS5 coreceptor at lower levels or at lower
325  frequencies and are thus preserved from HIV infection. The technical challenge of optimal
326 measurement of T cell activation and cytokine production in one condition (detection of
327  cytokines requires protein transport inhibitors which hinder T cell activation marker
328  expression) precluded us from testing this hypothesis.

329

330

331  The K/T ratio is a strong predictor of mortality risk in ART-suppressed PWH [44], does not
332  normalize in PWH initiating ART early, and durably suppressed early-ART initiators have high
333 plasma KT ratios compared with HIV-negative controls [29]. Therefore, the elevated
334  tryptophan catabolism in HIV-ART reported here and previously [25,29] may explain, in part,
335  the persistently increased risk of tuberculosis in treated HIV. Inhibition of IDO-1 with 1-
336  methyl-D-tryptophan (indoximod) in macaques was reported to decrease Mtb burdens and
337  pathology, and increased proliferation of CD4" and CD8" memory T cells [45] Together, these
338  results suggest that enhancing Th17 cell responses by IDO inhibition may be beneficial in the
339  context of TB.

340

341  Our study has limitations: 1) the participants were from a study investigating the long-term
342  clinical and immunological consequences of HIV infections and their treatment, therefore, we
343  had few HIV uninfected participants; 2) 10 of 13 PWH initially with a negative TST prior to
344  TST conversion had high viral loads that probably reduced the sensitivity of diagnosis; 3) INH
345  treatment was not given as directly observed therapy (DOT) and we could not ascertain

346  treatment compliance by the study participants. Nevertheless, we found that Th17 cells are a
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347  heterogenous population and IL17 responses to Mtb are preserved in HIV-TB coinfected
348 individuals, and we demonstrated the link between IDO activity and circulating Mtb-
349  responsive Th17 cells in humans. With IDO-1 inhibitors in clinical trials [46], management of
350  TB disease might benefit from simultaneous therapeutic inhibition of IDO-1 activity to enhance
351  Thl7 cell responses, particularly in PWH where HIV further enhances tryptophan catabolism
352  via the kynurenine pathway.

353
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Table 1: Cohort 1 (Characteristics of participants with and without HIV with Latent Tuberculosis Infection)

Characteristic HIV negative (n =7) HIV positive (n = 21) P
Age, median (IQR), y 58 (44 -61) 47 (38 - 58) 0.5395
Sex, Male (%) 7 (100) 21 (100)
Race/Ethnicity (n, (%))

Black 6 (86) 8 (38)

Asian 1(14) 2(10)

White 0 7 (30)

Middle East 0 1(5)

Multiracial 0 2(10)

Pacific Islander 0 1(5)
Combined antriretroviral therapy (Yes/No) No Yes
CD4 Counts, median (IQR), cells/mm3 1297 (707 -1349) 640 (487 - 906) 0.0082
Plasma viral load (copies/mL) None <40

Table 2: Cohort 2 (Characteristics of participants with HIV before and after LTBI diagnosis and treatment)

Characteristic TST neg TST+ INH initiation TST+INH completion P
Age, median (IQR), y 45 (42 - 51) i e
Sex, Male (%) 10 (71) . -
Race/Ethnicity (n, (%))
Black 5 (36) - -
Asian 1(7) . -
White 7 (50) _ _
Pacific Islander 1(7) - _
CD4 Counts, median (IQR), cells/mm3 527 (230 - 781) 442 (367 - 588) 464 (361 - 724) 0.9172
HIV infection (n, %) 13 (100) 11 (100) 13 (100)
Detectable viral load (n; median (IQR), copies/mL) 10; 3455 (614 - 24888) 6; 4895 (497 - 35920) 6; 2980 (170 - 59542) 0.9632
Suppressed viral load (n) 3 5 7
Combined antriretroviral therapy
On treatment (n) 7 6 10
Not on treatment (n) 6 5

22
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Figure 1. Different definitions of T helper 17 cells reveal high but incomplete concordance. (A) Representative flow cytometry plots and gating schemes
for definition of T helper 17 cells by published marker criteria independent of cytokine expression. Left panel, chemokine receptor CCR6 and CXCRS3
expression used to distinguish T17, T1T17, and Th1 non-MAIT CD4 T cells. Right panel: Use of surface expression of CD26 and CD161 to identify T,17 non-

MAIT CD4 T cells. Cells in both panels were stimulated with the MTB300 antigenic peptide pool. (B) High correlation of T,17 (CD26*CD161*) and T17

(CCR6*CXCR3’) non-MAIT CD4 T cells in cell populations from participants with varying TB and HIV status. Spearman correlation p and r values are shown for
results pooled from all participants. (C) t-stochastic neighbor embedding (t-SNE) analysis reveals incomplete concordance of transcription factor (RORyt and T-

491

bet) and cytokine (IFNy and IL17) production and surface phenotypes of non-MAIT CD4* T cells. In this analysis, protein transport inhibitors (golgi stop and

golgi plug) were not added to PBMC during antigen stimulation thus weak cytokine signals which are best shown in contour format.
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Figure 2. ART treated HIV infection is associated with disproportionate depletion of distinct
subsets of T helper cells. (A) Reduced frequency of bulk CD4 T cells in HIV* vs HIV- participants in
Cohort 1. (B) ART-treated HIV is not associated with differential distribution of CD4 T cells in memory T

cell subsets. Naive: CD45RA*CCR7*; Central Memory (CM): CD45RA-CCRT7");

Effector Memory:

CD45RA'CCR7-; TEMRA: CD45RA*CCRY"). (C) Disproportionate reduction in frequencies of T,;17 and
T1T17 but not T17 or Th1 cells in ART-treated HIV. TH17=CD4"Va7.2'CD26+CD161+; T1T17 (also

termed Th1*): CD4*Va7.2’CCR6*CXCR3*; T17: CD4*Va7.2CCR6*CXCR37; and Th1: CD4*Va7.2
CCR6°CXCR3*. Statistical comparisons were by Mann-Whitney test.
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Figure 3:
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Figure 3. In contrast to responses to other stimuli, Mtb antigen responsive IL17 expression is enriched in CD26"CD161* T,,17 rather than CCR6*CXCR3" T17
cells. (A) Left panel (Cohort 1): CD4 T cells that produce IL17 in response to MTB300 are predominantly in the T,;17 subset. Right panel (Cohort 2): MTB300-stimulated
IL17 production predominates in T,,17 rather than T17 cells regardless of TST status and is not altered by INH preventive therapy. (B) Left panel (Cohort 1): In contrast to

MTB300-responsive cells, IL17 production predominates in T17 cells in response to SEB activation. Right panel (Cohort 2): INH preventive therapy does not alter the pattern
of IL17 production by SEB-stimulated T17 or T,;17 cells. (C) Left panel (Cohort 1): In ART-treated HIV* participants, CD4 T cells that produce IFNy in response to MTB300

stimulation are present at low frequencies. Right panel (Cohort 2): (D) Left panel (Cohort 1): CMV pp56 antigen stimulation induces higher frequencies of IFNy than IL17-
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producing CD4 T cells. Right panel (Cohort 2): INH treatment does not alter CD4 T cell responses to CMV pp65 antigen stimulation.
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Figure 4. In TST* participants, HIV infection is associated with increased indoleamine-2,3-dioxygenase
(IDO) activity, which negatively correlates with TH17 and T17 cell frequencies. (A) Plasma tryptophan
concentrations; (B) Plasma kynurenine concentrations; (C) Plasma Kynurenine (K)/Tryptophan (T) ratios as a
reflection of IDO activity. (D) Left panel: correlation of TH17 cell frequencies with plasma K/T ratios; Middle panel:
Correlation of regulatory T cells and plasma K/T ratios; Right panel: Correlation of TH17/Treg ratios and plasma K/T
ratios. (E) Left panel: correlation of T17 cell frequencies with plasma K/T ratio; Right panel: Correlation of T17/Treg
ratios and plasma K/T ratios. Statistical analyses were by Mann-Whitney (panels A-C) or Spearman correlation (D

496 and E).
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