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Abstract: Cystatin F (CstF) is a protease inhibitor of cysteine cathepsins, including those involved
in activating the perforin/granzyme cytotoxic pathways. It is targeted to the endolysosomal
pathway but can also be secreted to the extracellular milieu or endocytosed by bystander cells. CtsF
was shown to be significantly increased in tuberculous pleurisy, and during HIV coinfection,
pleural fluids display high viral loads. In human macrophages, we revealed a strong upregulation
of CstF during infection with Mycobacterium tuberculosis (Mtb). CstF manipulation using RNA
silencing led to increased proteolytic activity of lysosomal cathepsins, improving Mtb intracellular
killing. Here, we investigate the impact of CstF depletion during coinfection of Mtb-infected
macrophages with lymphocytes infected with HIV. Our results indicate that decreasing CstF
released by phagocytes impacts the major pro-granzyme convertase cathepsin C of cytotoxic
immune cells. Consequently, an observed increase of the granzyme B apoptotic effects leads to a
significant reduction in viral replication in HIV-infected lymphocytes. Overall, our results indicate
a mechanism of Mtb/HIV evasion of the cytotoxic mediated pathogen killing driven by the axis
CstF/catC/granzymes contributing to this syndemic interaction. Ultimately, this knowledge can be
crucial for developing new therapeutic approaches to control both pathogens based on
manipulating CstF.
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1. Introduction

Mycobacterium tuberculosis (Mtb) and the human immunodeficiency virus (HIV) are syndemic
interaction pathogens [1-3]. They synergize an accelerated progression to tuberculosis (TB) and to
acquired immune deficiency syndrome (AIDS) during coinfection [2,4,5]. Both are responsible for a
paradoxical effect observed in coinfected patients after the initiation of antiretroviral therapy (ART),
referred to as immune reconstitution inflammatory syndrome (IRIS), a severe local and systemic
inflammatory response [6]. Approximately 13 million people are estimated to be coinfected with both
pathogens, accounting for 250,000 deaths in 2022, with about 1.3 million new infections by HIV
(https://www.unaids.org/en) and 1.4 million with Mtb [5]. While antibiotic therapy to treat TB exists,
as well as an established ART for controlling HIV chronic infection, the rising resistance to both
treatments and drug-drug interactions are posing serious concerns for the effective control of
pathogens and instructing an urgent need for new therapies [7-14].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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TB is a leading cause of death among HIV-infected people
(https://www.unaids.org/en/topic/tuberculosis). The interactions between HIV and Mtb that
contribute to tuberculosis have been more extensively studied than those that Mtb uses to enhance
virus replication and persistence [3,7,15-18].

Deciphering the pathways of these interactions may contribute to controlling both pathogens
and identifying new targets for the effective development of new effective therapeutics, particularly
during coinfection.

Our group has investigated the role of lysosomal cathepsins and their inhibitors, cystatins,
during Mtb infection [19-21] and during HIV coinfection [22,23]. The results revealed that Mtb can
block cathepsin proteolytic activity, which contributes to its intracellular survival in macrophages
(M) and poor activation of T lymphocytes. Concerning the natural inhibitors, there was a significant
increase in gene expression for cystatins C, A, and SN during the early stages of infection, which was
evident and common in both M¢$ mono-infection and coinfection with Mtb and HIV [22]. Cystatin F
(CstF) showed the highest upregulation among the inhibitors, but it was limited to Mtb mono-
infection [22]. Indeed, we have developed various strategies to overcome the blockade induced by
Mtb, including the regulation of gene expression with microRNAs [24] or using RNA silencing for
cystatins [21,22,25]. In addition, we have demonstrated that saquinavir, an HIV protease inhibitor
used in ART, can impact cathepsin enzymatic activity, and overcome the Mtb-induced blockade. This
finding suggests that saquinavir could be repurposed to control the bacterial infection including in
multidrug-resistant Mtb [26,27].

Mtb infects M, where it establishes intracellular niches [28-30]. Appropriate immune responses
for their intracellular clearance require helper T lymphocytes, particularly TH1, as well as cytotoxic
cells, mainly CD8+ T cells (CTLs) and conventional or unconventional natural killer cells (NK, NKT)
[31,32]. Infected M¢ and lymphocytes come into close contact in one structure, the granuloma, which
is a hallmark of TB, or in nearby tissues during the establishment of the infection. Most of the effects
of HIV-1 and Mtb coinfection are based on interferon gamma (IFN y) mediated M¢ activation, leading
to a more microbicidal state [33]. HIV-1 extensively infects CD4+ T cells and establishes intracellular
reservoir sanctuaries in M¢ [34]. Although simultaneous coinfection of M¢ with both pathogens is
possible in vitro, it has not been demonstrated in vivo [2,22]. Cytotoxic NK, NKT, and CTLs induce
the death of infected cells, constituting a pivotal viral control response. However, an ineffective viral
clearance occurs during HIV infection [35-38].

One of the most frequent manifestations of TB during HIV coinfection is pleurisy [39]. Both the
pleural milieu and the granuloma structure provide the appropriate contact between Mtb-infected
cells and HIV-infected lymphocytes in a particular environment of cytokines and other factors that,
all together, help viral replication and spread [40,41]. Surprisingly, CstF levels were found to be
significantly increased in the pleural fluids of TB patients compared to other inflammatory conditions
[42].

The aim of this study was to decipher the role of CstF during coinfection. To achieve this, we
manipulated its gene expression by siRNA in M@ infected with Mtb, which are known to be the
highest source of secreted protease inhibitors. We also evaluated the trans effects on lymphocytes
infected with HIV. Overall, the results of this study contribute to revealing a mechanism of pathogen
evasion to immune responses and indicates future directions for controlling both syndemic
pathogens through CstF manipulation.

2. Materials and Methods
2.1. Cell Isolation and Culture Conditions

Primary human monocyte-derived M were isolated and then differentiated from buffy coats
of healthy human donors, which were provided by the National Blood Institute (Instituto Portugués
do Sangue e da Transplantagao, LP. Lisbon, Portugal) following a previously described
protocol [22]. Autologous lymphocytes were obtained from the peripheral blood mononuclear cells
(PBMCs) fractions by lysing red blood cells. The lymphocytes were then stimulated with 3 ug/mL of
Phytohemagglutinin-L (PHA-L) (ThermoFisher) for three days. It was further cultured in a 75 cm?
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flask at 2 x 10¢ cells per mL in a Roswell Park Memorial Institute (RPMI) medium (RPMI-1640)
(Hyclone, GE Healthcare) supplemented with 15% (v/v) Fetal Bovine Serum (FBS) (Hyclone, GE
Healthcare), 2 mM L-glutamine (Gibco), and 20 Ul/mL of human recombinant interleukin-2
(BioLegend, San Diego, CA, USA).

2.2. Bacterial Cultures and HIV Isolates

M. tuberculosis H37Rv (ATCC 27294) (American Type Culture Collection) (Mtb) was grown in
Middlebrook’s 7H9 medium supplemented with 10% Oleic acid-Albumin-Dextrose-Catalase
enrichment (OADC) (Difco), 0.02% glycerol, and 0.05% tyloxapol at 37 °C. The primary HIV-1ucrLios2
isolate was obtained by coculturing PBMCs isolated from the infected patient with PBMCs from
uninfected individuals as described [43]. After isolation, viral stocks were established in PBMCs from
low-passaged supernatants of original cultures and stored at -80 °C until further use. All
experimental procedures using Mtb and HIV were performed in the biosafety level 3 laboratory at
the Faculty of Pharmacy of the University of Lisbon, maintaining the national and European
containment level 3 laboratory management and biosecurity standards based on applicable EU
directives.

2.3. Macrophage Infection

Before infection, Mtb was cultivated at 37 °C, 5% COz, until the exponential growth phase was
reached. On the day of infection, the bacterial suspensions were centrifuged and washed in
phosphate-buffered saline (PBS) and resuspended in RPMI culture medium without antibiotics.
Clumps of bacteria in the suspension were disrupted by ultrasonic bath treatment for 5 min and
removed by centrifugation at a low speed of 500x g for 1 min. The obtained single-cell suspension
was verified by fluorescence microscopy and quantified by measuring optical density at 600 nm. The
infection was performed with a multiplicity of infection (MOI) of 1 bacterium per M¢ for 3 h at 37
°C, 5 % COs. Following this incubation period, cells were washed with PBS to remove free bacteria
and added with fresh complete medium.

2.4. Transfection

Mo were transfected 72 h before infection to achieve maximum RNA silencing. Transfection
with anti-CstF siRNA or with scramble control siRNA was performed with ScreenFect A (ScreenFect
GmbH, Eggenstein-Leopoldshafen, Germany) transfection reagent according to the manufacturer’s
protocol as previously described [25]. M¢ were incubated for 72 h with the transfection reagent and
SMARTpool ON-TARGETplus Human CST7 siRNA (Dharmacon, USA; target sequences:

AGUGAAAGGCCUGAAAUAL, GAAAUUGGCAGAACUACCU,
GGAUGACUGUGACUUCCAA, and CAAGGGCCCUAGUUCAGAU) or the respective siRNA
non-targeting (scramble) control (Dharmacon, USA; target sequences:
UGGUUUACAUGUCGACUAA, UGGUUUACAUGUUGUGUGA,
UGGUUUACAUGUUUUCUGA, and UGGUUUACAUGUUUUCCUA) in the medium without
antibiotic.

2.5. Enzymatic Activities of Cathepsin C and Granzyme B

After 48 h of infection, M¢ cultures in 96-well plates were lysed with chilled lysis buffer 25 mM
2-(N-morpholino)ethanesufonic acid (MES) (MP Biomedicals), 100 mM NaCl, 5 mM cysteine, pH 6
for cathepsin C and 50 mM Tris-HCl, 100 mM NaCl, pH 7.4 for granzyme B. Cells were centrifuged
at 16,000x g for 20 min at 4 °C to recover the supernatant and further added with reaction buffer for
15 min at room temperature for cathepsin C or for 30 min at 37 °C for granzyme B. The specific
fluorogenic substrates: 70 uM H-Gly-Phe-7-amino- 4-methylcoumarin (AMC) (Bachem) for cathepsin
C, 50 pM acetyl-lle-Glu-Pro-Asp-AMC for granzyme B (Bachem) were then added and formation of
fluorescent degradation products was measured continuously with excitation at 370 nm and emission
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at 460 nm in a Tecan M200. The activity of the control sample was set to 100% and activities for the
other samples were adjusted accordingly.

2.6. Lymphocytes Infection with HIV and Co-Culture with Macrophages Infected with Mtb

Autologous lymphocytes were obtained from the PBMC fractions, stimulated, and further
cultured according to the protocol described above. On the day of infection, lymphocytes were
infected with 1000 TCID 50/mL of HIV-lucrLios2 or left uninfected as controls. Briefly, viruses were
added and incubated for 3 h in the presence of 3 ug/mL of polybrene (Sigma-Aldrich, MO, USA).
Cells were then washed with PBS to remove any unadsorbed virus particles and cultured in an
appropriate medium (500 pL/well). M¢ were allowed to internalize Mtb for 3 h. After this chase
period they were washed with PBS to remove extracellular bacteria and cocultivated with the HIV-
infected lymphocytes at a ratio of 1:2. Culture supernatants were collected at days 3 and 9 to recover
virus particles and quantified by reverse transcriptase activity.

2.7. HIV Quantification

Supernatants collected from cocultures with lymphocytes infected with HIV, as described above,
were used for viral replication quantification. This was assessed by using a colorimetric enzyme
immunoassay (Roche, Merck KGaA, Darmstadt, Germany) for the quantitative determination of
retroviral reverse transcriptase activity by incorporation of digoxigenin- and biotin-labeled dUTP
into DNA. Absorbance was measured by Tecan M200 spectrofluorometer at 405 and 490 nm.

2.8. Cell death and Viability Assays Using Flow Cytometry

For assessment of apoptotic or necrotic cells the Apotracker Green and Zombie Red (Biolegend,
San Diego, CA, USA) dyes were used, respectively. M¢ were allowed to internalize Mtb and
lymphocytes HIV particles for 3 h. After the internalization step, extracellular bacteria were removed
by washing M¢ cultures with PBS, and extracellular viruses were eliminated as described previously.
Monocultures or co-cultures were further incubated for additional timing until 12 h, 24 h, 48 h, and
72 h post-infection (p.i) with the recommended cell death kit experiments reagents. The
corresponding non-infected cells treated or not with transfection reagents and siRNAs were
evaluated in parallel using the same kit. After those timings, cultured cells were detached using 5
mM EDTA. Human peripheral blood lymphocytes were stained with Alexa Fluor® 700 anti-human
CD3 antibody (Biolegend, San Diego, CA, USA). Cells were fixed in 4% paraformaldehyde for one
hour and then analyzed in a Cytek® Aurora flow cytometer (Cytek® Biosciences, Fremont, CA,
USA). Data analysis was performed in FCS Express 7 (De Novo Software, Pasadena, CA, USA).

2.9. Statistical Analysis

Statistical analysis was performed in GraphPad Prism 9. Multiple group comparisons were
conducted using one-way ANOVA followed by a Holm-Sidak post hoc test. Two group comparisons
were made using Student’s t-test. Differences were considered statistically significant when the
calculated adjusted p-value was equal to or below the alpha level of 0.05 (p <0.05)

3. Results
3.1. Experimental Conditions for Transfection and Infection Produce Comparable Low Levels of Cell Death

We established the experimental conditions that produce comparable and low levels of cell
death between infected and non-infected cells. Mtb-infected M¢ and HIV-infectedlymphocytes were
analyzed for their effect on cell viability after transfection and 12 h of infection. Infected cells in
monocultures were also compared to those in co-cultures. Cell death was evaluated by flow
cytometry using markers for apoptosis and necrosis, namely Apotracker Green and Zombie Red,
respectively. Lymphocytes were distinguished from monocytes using CD3-specific Alexa Fluor® 700
antibodies. Figure 1 shows that there were no differences observed in M¢ monoculture conditions
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when comparing CstF-silenced phagocytes to cells transfected with scramble or non-transfected.
Notably, during co-culture, non-infected (scramble) or CstF siRNA-treated cells displayed similar
viability to the respective infected conditions (Figure 1, co-culture). Indeed, monocultures of HIV-
infected lymphocytes displayed high viability by the end of 12 h p.i. Therefore, it can be concluded
that our experimental conditions produce cells with similar viability and low impact at the early time

points of the coinfection, resulting in low interference for the next co-culture assays.
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Figure 1. Flow cytometry analysis of the percentage of live cells relative to those in programmed cell
death. Apotracker Green (apoptosis), Zombie Red (necrotic cells), and CD3 Alexa Fluor 700
(lymphocytes) dyes were used to stain monocultures for each pathogen or co-cultures of Mtb infected
M¢ and HIV-infected lymphocytes. No interference in cell viability was observed on either
transfected cells (3 days post-treatment) or infected cells (12 h after infection with pathogens). There
were no differences observed in programmed cell death when CstF expression was silenced in Mtb
infected M¢ co-cultured with HIV-infected lymphocytes (right panel; co-culture conditions).

3.2. Decreased CstF Levels from Mtb-Infected Macrophages are Correlated with Increased Enzymatic
Activity of Cathepsin C in Lymphocytes During Coinfection

CstF can be internalized from the extracellular milieu into the endocytic pathway of cytotoxic
immune cells, where the inhibition of the pro-granzyme convertase cathepsin C occurs [44,45]. As we
previously observed high expression of CstF during M¢ infection with Mtb [22], we depleted CstF
using siRNA on infected phagocytes and evaluated its effects on cathepsin C during co-culture with
lymphocytes. The enzymatic activity was measured by continuously monitoring the formation of
fluorescent degradation products using a specific fluorogenic substrate for cathepsin C. A cathepsin-
specific inhibitor was used as negative control. Figure 2 shows an increase in enzymatic activity of
cathepsin C when co-cultivated M} were treated with CstF siRNA, compared to the respective
scramble control. No detectable effects on cathepsin C activity in response to CstF silencing were
observed for M¢ monocultures infected with Mtb (Figure 2). Overall, the results indicate that
countering CstF overexpression by depleting CstF in Mtb-infected M¢ impacts the enzymatic activity
of cathepsin C in lymphocytes, since these effects were only observed in the co-cultures [46,47].
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Figure 2. Silencing of CstF expression affects the proteolytic activity of cathepsin C. The enzymatic
activity was measured in both scramble control and CstF-silenced cells during mono-infection with
Mtb or coinfection with lymphocytes infected with HIV. A cathepsin C-specific fluorogenic substrate
was used every 5 min for 60 min. A specific inhibitor was used as a negative control. The bar plots
represent the average baseline activity calculated as the largest slope of fluorescence emission over 1
h. The slope of fluorescence emission in the scramble control was represented as 100%, and each
sample’s effect was shown in a percentage relative to the control. The error bars represent the
standard error of the mean. The line plots represent the average fluorescence over time. (*p < 0.01).
Me¢, macrophages; Mtb, Mycobacterium tuberculosis; RFU, relative fluorescence units.

3.3. CstF Depletion is Correlated with Increased Cathepsin C-Granzyme B Driven Cytotoxic Effects

It was next investigated whether higher levels of cathepsin C-induced proteolysis lead to
increased granzyme B activity in cytotoxic lymphocytes. As expected, granzyme B activity was
significantly higher in CstF silenced conditions during co-culture compared to the scramble control
(Figure 3a). However, no effects were observed during monoculture of Mtb-infected M since the
depletion of CstF did not impact the granzyme B activity of those cells, compared to the scramble
control (Figure 3a) [48-50].

Next, the impact of CstF manipulation on granzyme B-driven apoptosis was evaluated. Figure
3b shows that apoptosis was more prominent in CstF-silenced co-cultures of Mtb-infected M¢ and
HIV-infected lymphocytes when compared to the scramble control. By the end of 48 h, the effect was
already significantly high and it remained so until at least 72 h p.i. There were no differences in cell
death observed between non-infected or infected CstF-silenced M@ in co-culture conditions when
compared with the correspondent scramble by 12 h p.i (Figure 1). Overall, the results indicate a
significant impact of CstF depletion from Mtb-infected M¢ on cathepsin C/Granzyme B-driven
apoptosis of lymphocytes infected with HIV over time, at least until 3 days p.i.
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Figure 3. Silencing of CstF expression impacts the cytotoxic activity of granzyme B. (a) The enzymatic

activity of Granzyme B was measured in cells that were either mono-infected with Mtb or in coculture
with lymphocytes infected with HIV. This was done in both scramble control and in CstF-silenced
cells. A granzyme B-specific fluorogenic substrate was used every 5 min for 60 min. A specific
inhibitor was used as a negative control. The bar plots represent the average baseline activity
calculated as the largest slope of fluorescence emission over 1 h. The slope of fluorescence emission
in the scramble control was represented as 100%, and each sample’s effect was shown in a percentage
relative to the control. The error bars represent the standard error of the mean. The line plots
demonstrate average fluorescence per time. (*p < 0.05, **p < 0.01, ***p <0.001). Mg, macrophages; Mtb,
Mycobacterium tuberculosis; RFU, relative fluorescence units. (b) Manipulation of CstF expression
during coinfection of Mtb infected M¢ with HIV-infected lymphocytes induce granzyme B apoptotic
effects. Apotracker Green (apoptosis), Zombie Red (dead cells), and CD3 Alexa Fluor 700
(lymphocytes) dyes were used for staining, and analysis was performed using flow cytometry
following 48 h and 72 h p.i. Results represent the mean of three biological replicates for each condition.
The error bars represent the standard error of the mean. The dot plots depict representative results
from one experimental replicate. (*p < 0.05, **p < 0.01, ***p < 0.001).

3.4. CstF Depletion Improves Cathepsin C/Granzyme B-Driven Reduction of Viral Replication During
Mtb-HIV Coinfection

We next aimed to determine whether the increased cytotoxic effects of granzyme B could
decrease HIV replication in Mtb-HIV co-cultures. As shown in Figure 4 and Table 1, there was a
significant decrease in viral particles production at the end of 72 h p.i., as assessed by reverse
transcriptase analysis of culture supernatants.
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Figure 4. CstF depletion in Mtb infected M¢ improves cathepsin C/granzyme B-driven cytotoxic
effects to HIV-infected cells during coinfection. Absorbance was measured by spectrofluorometer at
405 and 490 nm. Bar plots represent the average of three biological replicates from one representative
experiment performed in duplicate. The error bars represent the standard error of the mean. Scr,
scramble (*p < 0.01).

Table 1. Summary of results of HIV viral replication assessed by quantifying the RT concentration
(ng/mL) in culture supernatants following 72 h p.i. Productive infection was considered positive
when RT concentration was equal to or above 0.01 ng/mL. Values depict the mean RT concentration
of three biological replicates for each condition from one representative experiment performed in

duplicate.
Samples RT (ng/mL)
Co-culture Scr 6.98
Co-culture CstF siRNA 3.6
Ly HIV 6.99

Overall, the results demonstrate that the depletion of CstF in Mtb-infected cells correlates with
increased activity of cathepsin C and granzyme B, resulting in higher cytotoxicity of lymphocytes
towards HIV-infected cells and leading to a reduction in viral replication.

4. Discussion

Previous work from the group revealed that CstF, a protease inhibitor of lysosomal cathepsins,
plays a significant role in Mtb infection, contributing for the intracellular survival of Mtb in human
Mo [25]. Depletion of CstF resulted in the control of the infection, even in clinical strains of Mtb that
are resistant to first-line antibiotics used to treat TB [25]. Moreover, a significant increase in the
expression of the protease inhibitor during Mtb infection was previously demonstrated, which
impacts the proteolytic activity of lysosomal proteases [22]. In contrast, HIV infection did not
contribute to an increase in CstF gene expression. These results are consistent with previous studies
showing a general decrease in CstF gene expression in CD4+ T lymphocytes infected with HIV, as
well as in genes related to cytotoxicity [51] .

TB remains a significant public health concern, with one of the contributing factors being the
synergistic effect of the coinfection with HIV. Although HIV can also infect M¢, CD4+ T lymphocytes
are the primary target cells. While our recent work has demonstrated in vitro M¢ infection with both
pathogens [22], this has not yet been observed in vivo [2]. Here our experiments were designed to
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replicate the conditions found in vivo in the lungs of patients simultaneously infected with Mtb and
HIV. Therefore, M¢ were infected with Mtb and cocultured with autologous lymphocytes infected
with HIV. To achieve this, lymphocytes were isolated from the blood of healthy donors, including
CD4+ and CD8+ naive T lymphocytes, conventional and unconventional NK cells. Since the
Portuguese population has been vaccinated for BCG until the last 5 years, it is expected that PBMCs
from healthy donors also contain effector and memory T lymphocytes that recognize autologous M¢
infected with Mtb.

CstF was shown to be secreted from immune cell producers into the extracellular milieu and
internalized by bystander cells [44,52-54]. A key target of the protease inhibitor is cathepsin C a major
progranzyme convertase [55]. Likewise, internalization of CstF was observed to have an inhibitory
effect on cytotoxic cells, both in NK [44] and in CD8+ cytotoxic T lymphocytes (CTL) [45], leading to
anergy split, a condition where these cells lose the ability to secrete granzyme- and perforin [55].
Additionally, human NK cells displayed a 30-fold increase in CstF compared to CTL [56]. However,
it was not demonstrated whether this difference resulted from accelerated synthesis and/or increased
internalization of secreted CstF by closely interacting immune cells [55]. In this study, we depleted
CstF from Mtb-infected M¢ by siRNA, as they are the primary sources of the protease inhibitor in
the coculture conditions. In previous work we provided evidence of successful CstF silencing at the
gene expression and protein synthesis levels [25]. The present results indicate that the depletion
cathepsin C activity in cocultured lymphocytes has an impact on granzyme activation. However, no
effects of CstF depletion were observed in an autocrine way in monocultures of M¢ either on
cathepsin C [46,47] or on granzyme B [48-50] as these phagocytes were shown, in some
inflammatory conditions, to display a cytotoxic effect. We conclude that the depletion of CstF from
infected phagocytes has an impact on the cytotoxic activity of lymphocytes during coculture
conditions.

HIV infection has the ability to evade the early immune response, resulting in ineffective viral
clearance. Both NK cells and HIV-specific CTLs are crucial for the outcome of infection and arise
shortly after infection [1,38]. Since the lymphocytes used in this study were from healthy donors, not
infected with HIV, it is less likely that CD8+ lymphocytes are already primed to CTLs in the coculture
environment. It is probable that NK cells lacking conventional receptors for antigens, such as surface
Ig or TCR, are responsible for the paracrine internalization of CstF during scramble control conditions
(Figure 5). Additionally, high levels of NK recruitment have been observed in tuberculous pleural
effusions and in early innate granulomas [57]. Pleurisy is a common manifestation of TB, often
observed during the primo-infection [41]. It is also frequently observed in HIV-coinfected patients,
where high levels of virus particles are present at the sites of Mtb infection [40,41]. Coincidently,
higher levels of CstF were found in pleural effusion of TB patients than in other inflammatory
conditions [42]. CD4+ effector T lymphocytes responding to Mtb and infected with HIV are expected
to establish an immune synapse with M¢, and NK cells, through a variety of ligands and receptors,
can also be connected to HIV-infected cells. Altogether, our results demonstrate a clear impact of CstF
depletion on cytotoxic effects directed at lymphocytes, with consequences on HIV replication and
viral loads (Figure 5)
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Figure 5. CstF depletion in Mtb infected M¢ improves cathepsin C/granzyme B-driven cytotoxic
effects on HIV-infected cells.

The results also suggest the existence of an evasion mechanism that enables early HIV replication
during infection through the axis CstF/ cathepsin C/ granzyme B, primarily mediated by NK cells.
Overall, the results presented here indicate a mechanism of Mtb/HIV evasion of the cytotoxic-
mediated pathogen killing, which contributes to this syndemic interaction. Ultimately, this
knowledge can be crucial for developing new therapeutic approaches to control both pathogens
based on the manipulation of CstF.
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