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DHEA: Dehydroepiandrosterone 

HD: healthy donor 

LTB: Latent tuberculosis infection 

Mtb: Mycobacterium tuberculosis 

TB: Tuberculosis 

TCM: Central Memory T cells 

TEM: Effector Memory T cells 

TN: naïve T cells 

TTE: Terminal Effector T cells 
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Abstract 

Tuberculosis (TB) is the leading cause of death among HIV positive patients.  The 

decreasing frequencies of terminal effector (TTE) CD8+T cells may increase reactivation risk 

in persons latently infected with Mycobacterium tuberculosis (Mtb).  We have previously 

shown that dehydroepiandrosterone (DHEA) increases the protective anti-tubercular immune 

responses in HIV-TB patients.  Here, we aimed to study Mtb-specific cytotoxicity, IFN-γ 

secretion, memory status of CD8+T cells, and their modulation by DHEA during HIV-TB co-

infection.  CD8+T cells from HIV-TB patients showed a more differentiated phenotype with 

diminished naïve (TN) and higher effector memory (TEM) and terminal effector (TTE) T-cell 

frequencies compared to healthy donors (HD) both in total and Mtb-specific CD8+T cells.  

Notably, CD8+T cells from HIV-TB patients displayed higher TTE CD45RAdim proportions with 

lower CD45RA expression levels, suggesting a not-fully differentiated phenotype.  Also, PD-

1 expression levels on CD8+T cells from HIV-TB patients increased although restricted to the 

CD27+ population.  Interestingly, DHEA plasma levels positively correlated with TTE in CD8+T 

cells and in vitro DHEA treatment enhanced Mtb-specific cytotoxic responses and terminal 

differentiation in CD8+T cells from HIV-TB.  Our data suggest that HIV-TB co-infection 

promotes a deficient CD8+ T-cell differentiation, whereas DHEA may contribute to improving 

anti-tubercular immunity by enhancing CD8+T-cell functions during HIV-TB co-infection. 
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Introduction 

Nearly one third of the world’s population is infected with Mycobacterium tuberculosis (Mtb), 

the etiologic agent of tuberculosis (TB).  HIV co-infection is the main risk factor for 

progression from latent to active TB disease, increasing the risk of latent TB (LTB) 

reactivation up to 20-fold [1]. 

It is well established that CD4+T cells are critical for resistance to Mtb [2].  Mtb infection also 

elicits CD8+T-cell responses which are recruited to the lung during infection and found in the 

granulomas of infected people [3].  Although it is still unknown how CD8+T cells may mediate 

protection against TB, it has been suggested that while CD4+T cells are more important in 

controlling bacterial replication during the acute phase of infection, CD8+T cells play a 

greater role during latency, possibly via immune-surveillance of cells with higher numbers of 

intracellular bacilli [4, 5].  Besides cytokine secretion (IFN- and TNF-), CD8+T cells can 

induce T-cell-mediated cytotoxicity of infected cells, the major function of these cells [6].  

Also, cytotoxic CD8+T cells are able to directly kill intracellular bacteria by releasing granule 

contents [7].  In fact, mice lacking perforin generally succumb to Mtb late during infection, 

consistent with the relevance of CD8+T cells during chronic or LTB infection [8]. 

In line with this, TNF- blockade, which increases TB reactivation considerably in LTB 

persons, decreases the frequency of Mtb-specific terminally differentiated (terminal effectors 

-TTE-) CD8+T cells, underscoring the potential role of this population with the highest 

cytotoxic potential among CD8+T cells, in Mtb control [9, 10].  In this regard, while Mtb-

specific CD8+T cells in HIVneg-LTB patients are mostly composed of TTE cells 

(CCR7neg/CD45RA+), less differentiated Effector Memory T cells (TEM, CCR7neg/CD45RAneg) 

predominate among Mtb-specific CD8+T cells in HIVneg-active TB patients [11].  Likewise, it 

has been recently found that cytokine-producing Mtb-specific CD8+T cells from HIV-LTB, but 

not HIV-TB co-infected patients, also exhibited higher TTE frequencies [12], suggesting a 

protecting role for CD8+ T-cell terminal differentiation against TB.  Also, in a preliminary 
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study, convalescing TB subjects with HIV co-infection exhibited a mild impairment in CD8+ T-

cell proliferation and IFN-γ production in response to Mtb antigens [13].  To our knowledge, 

no studies have yet been focused on Mtb-specific cytotoxic CD8+ T-cell responses or their 

memory status on HIV-TB co-infected patients, which is central to understand the increasing 

susceptibility to TB in HIV infected patients given the proposed role of cytotoxic responses in 

LTB reactivation [9] and the importance of CD8+ T-cell terminal differentiation in cytotoxic 

function [10]. 

Disease occurrence depends on a plethora of factors, including hormonal regulation of 

immune cells, which could shape infection outcome.  Among hormonal effects on the 

immune response, glucocorticoids (GC) can promote a Th2 cytokine acquisition profile [14], 

facilitating Th2 activities, whereas its natural antagonist dehydroepiandrosterone (DHEA) is 

able to favor Th1 cytokine production and interfere with Th2 cytokine synthesis [15].  In fact, 

the synthetic DHEA derivative, 16 -bromoepiandrosterone, exerts beneficial effects in 

clinical and experimental tuberculosis and in HIV patients [16-18].  We have previously 

demonstrated that in vitro treatment of PBMCs from HIV-TB patients with DHEA increased 

Mtb-specific IFN- responses and decreased FoxP3 expression in regulatory T cells, thus 

inducing a bias towards a protective anti-tubercular immune response [19]. 

Therefore, we aimed to study Mtb-specific cytotoxicity, IFN-γ secretion and effector / 

memory differentiation of CD8+T cells during HIV-TB co-infection and their modulation by 

adrenal hormones, focusing on DHEA effects.  Our data show that HIV-TB co-infection is 

associated with both impaired cytotoxic Mtb-specific CD8+ T-cell responses and irregular 

CD8+ T-cell differentiation, the latter evidenced by lower CD45RA expression levels in TTE 

CD8+T cells and higher PD1 expression restricted to CD27+ CD8+T cells.  Additionally, in 

vitro DHEA treatment enhanced Mtb-specific CD8+ T-cell cytotoxic responses and CD8+ T-
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cell terminal differentiation in HIV-TB.  We propose that DHEA may contribute to improving 

anti-tubercular immunity by enhancing CD8+ T-cell functions in HIV-TB patients. 

 

Results 

 

Functional subset distribution among peripheral CD8+T cells in HIV-TB, HIV-LTB, HIV+ and 

HD 

 

In response to antigens, naïve CD8+T cells (TN) proliferate and differentiate into effector 

cells, which can be defined into at least three phenotypic groups according to their surface 

marker expression (reviewed in [10]).  We analyzed bulk CD8+ T-cell differentiation based on 

the expression of CD27 and CD45RA surface proteins as depicted in Figure 1 [20-23].  HIV-

infected patients with active TB (HIV-TB) or latent TB (HIV-LTB) and HIV+ patients with no 

Mtb co-infection (HIV) displayed different subset distributions in total peripheral CD8+T cells 

compared to healthy donors (HD) (Figure 1A, pies).  Moreover, both HIV-TB and HIV-LTB 

patients showed lower TN but only HIV-TB patients showed higher TEM and TTE frequencies 

in total CD8+T cells than HD (Fig. 1A, lower panel and B).  Additionally, both HIV-TB and 

HIV-LTB patients exhibited a higher TTE/TN ratio compared to HD (Fig. 1C), thus indicating a 

shift to terminal differentiation among total CD8+T cells in co-infected patients.  These results 

are in line with the effect of Mtb infection on CD8+ T-cell differentiation towards an effector 

phenotype proposed previously [11]. 

In order to establish whether the differences observed in circulating effector/memory subset 

proportions occurred due to alterations in the differentiation path, we evaluated transitions 

between effector/memory subsets by analyzing the correlation between phenotype 

proportions as described elsewhere [21, 24].  A statistically significant negative correlation 

between the proportions of two given subsets suggests that transitions between those 

populations are likely to occur.  We observed a strong negative correlation between the 
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percentage of TTE and TEM in bulk CD8+T cells from HIV-TB individuals but not from HD (Fig. 

1D).  Although we also detected a significant negative correlation between the %TTE and 

%TCM in both groups (data not shown), such data suggest the occurrence of a distinct 

differentiation pattern induced by Mtb and/or HIV on total CD8+T cells in co-infected patients 

that may account for the increment observed in TTE proportions. 

Extrapulmonary TB is more frequent among HIV infected patients but the mechanisms of 

such increased incidence are not fully understood [25].  In order to better understand if the 

alterations observed in CD8+ T-cell differentiation were related to TB localization or Mtb load, 

we stratified HIV-TB patients according to TB localization or smear test results (the latter 

associated with bacterial burden [11, 26]).  However, we could not detect any differences in 

the proportions of bulk CD8+ T-cell subsets among sub-groups (Fig.1E, left and middle 

panels).  Interestingly, highly active antiretroviral therapy significantly changed 

effector/memory distribution in bulk CD8+T cells (p=0.0349 by partial permutation test) by 

reducing TEM and augmenting TN populations (Fig. 1E, right panel).  This indicates a partial 

recovery of CD8+T-cell homeostasis after anti-HIV treatment.  Overall, these data indicate 

that HIV-TB co-infection induces a bias to terminal differentiation in total CD8+T cells. 

 

Effector/memory subsets phenotype in total CD8+T cells from HIV-TB, HIV-LTB, HIV+ and 

HD individuals 

 

The CD45RA isoform of CD45 facilitates sustained T-cell receptor (TCR) signaling more 

efficiently than smaller isoforms like CD45R0 which contribute to the cessation of the 

immune response [27].  We observed a significantly lower relative intensity of CD45RA in 

TTE CD8+T cells in HIV-TB patients than HD (Fig. 

 2A and C).  Additionally, despite the increment in CD45RAhi TTE cells found in HIV-TB 

patients, CD45RAdim TTE CD8+T cells were increased remarkably both in HIV-TB and HIV-

LTB patients compared to HD (Fig. 2B and C).  This lower expression of CD45RA in bulk 
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CD8+ TTE cells from HIV-Mtb co-infected patients may reduce responsiveness in these cells 

since CD45RA enhances TCR signaling [28, 29]. 

During HIV infection, PD-1 expression is a marker for abnormal naïve/memory distribution in 

T cells [30].  We observed an increment in PD1 expression on bulk CD8+T cells among HIV-

TB and HIV+ patients compared to HD (Fig. 2D, left panel).  Interestingly, PD-1 expression 

was mainly restricted to CD27+CD8+T cells in HIV-TB but not in HD (Fig. 2E).  We also 

detected increased proportions of CD27negCD8+T cells among HIV-TB compared to HD 

(Figure 2D, right panel).  Finally, we observed a positive correlation between the proportion 

of PD1+ cells in CD27+CD8+T cells and the percentage of CD45RAdim TTE in CD8+T cells 

(Fig. 2F).  These results suggest an association between increased proportions of not fully 

differentiated CD8+T cells (in terms of CD45RA expression) and elevated percentages of 

exhausted CD27+CD8+T cells in HIV-TB patients.  A higher expression of PD-1 in the CD27+ 

population and a positive correlation between PD-1 expression on CD27+CD8+T cells and 

CD45RAdim cells in TTE could imply an arrest of exhausted cells on a less differentiated and 

poor functional phenotype as observed in HIV+ patients [31]. 

To sum up, these results suggest an impaired differentiation occurring concomitantly with an 

increased exhaustion of CD8+T cells, both associated to HIV-TB co-infection. 

 

Effect of in vitro Mtb stimulation on CD8+T cells in HIV-TB subjects 

 

We first observed that Mtb-induced degranulation and IFN- secretion in CD8+T cells from 

HIV+, HIV-LTB or HIV-TB patients were not significantly different from media levels (Fig. 3A).  

In contrast, in vitro Mtb-stimulation augmented both functions of CD8+T cells in BCG-

vaccinated HD.  This deficient Mtb-specific response in infected individuals did not occur due 

to a general impairment in CD8+T cells reactivity since all the individuals tested responded to 

-CD3/-CD28 stimulation (Supporting Information Fig. 2). 
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In order to establish that Mtb in vitro stimulation induces terminal differentiation on total 

CD8+T cells and whether this induction differs between HIV-TB patients and HD, we 

assessed effector/memory distribution before and after Mtb-stimulation in both groups.  

Although we did not observe any changes in overall efector/memory distribution after Mtb-

stimulation in any of the groups (by partial permutation test, data not shown), we detected a 

slight but still significant increase in CD8+ TTE and TEM populations and a reduction in TN and 

TCM populations in HD after Ag-stimulation (Supporting Information, Table 2).  Conversely, 

Mtb-stimulation did not induce any changes in TCM populations among bulk CD8+T cells in 

HIV-TB patients, but as observed in HD, it increased TEM and TTE cells and decreased TN 

proportions. 

On the other hand, when analyzing Mtb-specific CD8+T cells, different effector/memory 

distributions were observed between HD and HIV-TB for the three functions tested (Fig. 3B 

and C -pies-).  In HIV-TB patients, CD107a/b+ and IFN-+ CD8+T cells showed higher TEM 

and TTE cells respectively, while the three CD107a/b+, IFN-+ and bifunctional CD8+T cells 

displayed lower TN cells than HD (Fig. 3C, right panel).  These results show that, as shown 

before for total CD8+T cells, Mtb-specific CD8+T cells in HIV-TB are biased to more 

differentiated stages independently of cell function. 

Finally, correlation analyses were performed in order to ascertain transitions between 

populations in Mtb-specific CD8 T cells, as described above, revealing a significantly 

negative correlation between the proportions of TTE and TCM among CD107a/b+ Mtb-specific 

CD8+T cells in HIV-TB patients (Fig. 3D), which suggests a differentiation path from TCM to 

TTE in these cells.  In contrast, CD107+ CD8+T cells from HD showed a significantly negative 

correlation between %TTE and %TN (Fig. 3D).  Notably, IFN--producing CD8+T cells 

exhibited transitions from TN to TTE (Fig. 3D) in both groups.  These observations indicate 

that effector/memory transitions in cytotoxic but not in IFN- secreting Mtb-specific CD8+T 

cells are altered in HIV-TB patients. 
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Adrenal hormones and their interrelation with CD8+T cells subsets in HIV-TB 

 

We have previously shown that HIV-TB co-infection is associated to lower DHEA plasma 

levels and higher cortisol/DHEA ratios [19].  Here, we aimed at establishing that the 

imbalance in adrenal hormone levels observed in HIV-TB patients was related to alterations 

in the CD8+T-cell compartment.  Therefore, we observed a positive correlation between 

DHEA plasma levels and the proportion of TTE cells (Fig. 4A) or TTE CD45RAhi in bulk CD8+T 

cells in HIV-TB patients but not in HIV+, HIV-LTB (Fig. 4A) or HD (data not shown).  Even 

though a lower number of subjects was analyzed in HIV and HIV-LTB groups, data trends 

suggest no association between DHEA plasma levels and CD8+ TTE or TTE CD45RAdim 

proportions in these groups.  This lack of association would be in accordance with our 

previous observation of preserved DHEA levels in these patient groups [19].  No significant 

correlations were observed between DHEA plasma levels and the percentages of Mtb-

specific CD8+T cells or their effector/memory subsets in any of the groups studied (data not 

shown).  Noteworthy, a strong positive correlation between Mtb-induced CD107a/b 

expression and cortisol plasma levels was observed in HIV-TB (Fig. 4B, left) but not in HD 

(Fig. 4B, middle).  Interestingly, we did not find a similar correlation between cortisol plasma 

levels and HIV-specific CD8+T cells in HIV+ individuals (Fig. 4B, right), which suggests a 

unique adrenal imbalance related to the inflammation accompanying concomitant TB and 

HIV infections. 

When analyzing the in vitro effect of DHEA on Mtb-specific CD8+ T-cell cytotoxicity and IFN- 

responses in HIV-TB patients, we observed that the increment induced by DHEA treatment 

over Mtb responses positively correlated with CD4+ T-cell counts (data not shown).  

Consistent with this, in those HIV-TB individuals with CD4+ cell counts above 100 cells/uL, 

DHEA significantly increased Mtb-specific CD107a/b+, IFN- and bifunctional responses in 
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CD8+T cells (Fig. 4C).  We did not observe any effects of DHEA on CD8+ T-cell responses in 

those individuals with CD4+ cell counts below 100 cell/µl (data not shown).  These results 

indicate that, as shown previously [19], DHEA exerts its enhancer effect depending on the 

immune status of the individuals. 

 

Effect of DHEA on CD8+T-cell differentiation induced by Mtb-stimulation 

 

As the proportion of peripheral TTE CD8+T cells positively correlated with DHEA plasma 

levels in HIV-TB patients (Fig. 4A), we investigated the effect of DHEA addition over both 

effector/memory distribution and function of Mtb-stimulated CD8+T cells.  Even though 

DHEA treatment did not modify the overall effector/memory distribution of Mtb-specific 

CD8+T cells (by partial permutation test, data not shown), in vitro DHEA treatment 

significantly increased TTE CD107a/b+ cells in Mtb-stimulated CD8+T cells (Fig. 5A and B).  

We did not find any modulation on effector/memory subsets when analyzing IFN--producing 

or bifunctional CD8+T cells from HIV-TB individuals (Fig. 5A, middle and right panels, 

respectively).  On the contrary, DHEA treatment did not modulate any subsets of Mtb-

specific CD8+T cells in HD (data not shown). 

On the other hand, we analyzed the effect of in vitro DHEA treatment on the expression of 

transcription factors involved in CD8+T-cell differentiation [32].  When co-administered with 

Mtb, DHEA treatment increased Tbet expression and Tbet/Eomesodermine (Eomes) ratio, 

both associated with terminal differentiation, in CD8+ cells from HD (Fig. 5C and E, 

respectively).  In contrast, Mtb stimulation alone increased Bcl-6 expression and reduced 

Blimp-1/Bcl-6 ratio (Fig. 5G and H, respectively), both associated with memory cell 

differentiation.  Finally, DHEA also reverted the Mtb-induced decrease in Blimp-1/Bcl-6 ratio 

(Fig. 5H). 

Overall, these findings suggest that DHEA may bias Mtb-induced CD8+T-cell differentiation 

towards an effector phenotype, probably through the increment in Tbet/Eomes ratio. 
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Effect of DHEA on in vitro Mtb-specific CD8+T-cell responses 

 

It has been proposed that the IFN- secreted by CD8+T cells could enhance their cytolitic 

potential through macrophage activation [33].  Therefore, we analyzed the possible 

relationship between lytic degranulation and IFN- production in CD8+T cells.  

While no significant correlation was observed between the percentages of CD107a/b+ and 

IFN-+ in CD8+T cells from HIV-TB patients after in vitro Mtb-stimulation (Fig. 6A), DHEA 

addition induced a positive correlation between both parameters (Fig. 6B).  This positive 

correlation was similar to that observed when stimulating PBMCs from HIV-TB with 

Cytomegalovirus, Epstein-Barr, and Influenza virus control peptide pool (CEF, Fig. 6C) or 

when stimulating PBMCs from HD with Mtb (Fig. 6D).  Of note, CEF pool elicits responses 

against pathogens that, unlike HIV and Mtb, were either cleared (influenza) or controlled 

(CMV and Epstein-Barr).  These results suggest that DHEA may at least partially restore the 

functional response of Mtb-specific CD8+T lymphocytes in the context of HIV infection. 
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Discussion 

 

Increasing experimental evidence over the past years has shown the relevance of CD8+T 

cells on the anti-tubercular immune response [33].  The reduction in the frequency of 

CD8+CCR7negCD45RA+ TTE cells and their granulysin content induced by anti-TNF- 

immune therapy, a treatment known to dramatically increase TB reactivation in LTB patients, 

unraveled a critical role for these cells in maintaining latency and anti-microbial activity in 

Mtb-infected patients [9].  In this regard, we observed a bias to a more differentiated 

phenotype in total CD8+T cells in HIV-TB patients, probably in an attempt to develop a more 

efficient anti-tuberculous response.  Also, contrary to HD, TTE cells derived from both TEM 

and TCM populations in HIV-TB individuals (see Fig. 1C), which could contribute to the 

increased TTE proportions observed in these patients.  However, we observed lower levels of 

CD45RA on CD8+T cells in HIV-TB patients –compared to HD– that may reflect a lower cell 

responsiveness, since an enhancing role for CD45RA in TCR signaling  in multiple sclerosis 

and in the human cell line Jurkat has been described [27-29].  Similarly, HIV infection 

induces a maturation defect on HIV-specific TTE cells which may represent an HIV-induced 

evasion mechanism [34].   

It is widely accepted that PD-1 reflects T-cell exhaustion in the context of chronic infections 

like HIV and TB [30, 35].  Our results also demonstrate that PD-1 levels are increased 

among CD27+CD8+T cells in HIV-TB patients, providing new evidence pointing to an 

exhausted phenotype restricted to those cells that home to lymph nodes.  These results are 

in line with the association of PD1 expression to a Tbetlow/Eomeshi Transtional Memory 

phenotype in CD8+T cells from HIV+ patients observed by Buggert et al. [31].  Strikingly, our 

observation of a positive correlation between PD-1 expression on CD27+CD8+T cells (a 

population that includes TN, TCM and Transitional Memory cells) and % CD45RAdim cells in 

TTE points to an arrest of exhausted cells on less functional phenotypes as observed in HIV+ 

patients [31]. 
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Several authors have explored the dynamics of Mtb-specific CD4+T cells but just a few 

studies have been focused on Mtb-specific CD8+T cells.  However, to our knowledge, only 

three studies described Mtb-specific CD8+T cells in the context of HIV co-infection [12, 13, 

36].  At present, this is the first report addressing Mtb-specific cytotoxic CD8+ T-cell 

responses and their memory status in HIV-TB co-infected patients.  In TB patients, Rozot et 

al. ascertained that Mtb-specific CD8+T cells were mostly TEM cells [11].  On the other hand, 

Caccamo et al. studied the phenotype of Mtb-specific CD8+T cells by tetramer staining in TB 

patients, and observed a predominance of TCM and lower TTE CD8+T cells, both of which 

were reverted after anti-TB therapy [37].  Lastly, Chiacchio et al. observed higher Mtb-

specific TTE CD8+T cells in HIV-LTB individuals, but not in HIV-TB patients [12]. 

Contrary to those data, we detected elevated levels of TTE and TEM CD8+T cells in Mtb-

specific IFN- and CD107a/b+ cells respectively in HIV-TB compared to HD.  These 

differences may be linked to the use of distinct stimuli and/or markers to define Mtb-specific 

and memory/effector populations but it is likely that HIV infection and its related alterations in 

the immune system homeostasis induce changes in Mtb-specific CD8+T-cell differentiation. 

We also found that Mtb-specific CD107a/b+ CD8+T cells were fueled by TCM in HIV-TB, 

whereas in HD, they originated mainly from TN.  On the contrary, IFN- TTE originated from 

TN both in HIV-TB and HD.  These analyses show for the first time not only maturation but 

also cell transition differences depending on cell function during HIV-TB co-infection. 

Endocrine hormones, and particularly adrenal hormones such as DHEA, are prone to 

modulate immune functions during HIV-TB co-infection as described previously by our group 

[19].  According to this, the present study shows that DHEA enhances CD8+ T-cell 

responses and terminal differentiation (Fig. 4A and 5A) in HIV-TB co-infected individuals, 

suggesting a protective role for DHEA against mycobacteria in these patients.  Even though 

DHEA can directly increase CD8+ T-cell responses as shown by our in vitro experiments, we 

did not find any correlation between DHEA plasma levels and the % of Mtb-specific CD8+T 
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cells.  As the amount of DHEA in plasma and the intensity of the immune response to Mtb 

are determined by several factors (i.e. activation of hypothalamus-pituitary axis [14], TB 

burden [38] or HIV disease progression [25], among others), the association between DHEA 

plasma levels and Mtb-specific CD8+T cells proportions in our cohort could be masked by 

these other factors. 

Contrary to our expectations, we detected a positive correlation between cortisol plasma 

levels and CD107a/b+ CD8+T cells in HIV-TB individuals (Fig. 4B).  We propose that Mtb 

infection may induce an increment in cortisol levels while concomitantly increasing Mtb-

specific CD8+ T-cell responses, driving to the observed association.  These findings may be 

interpreted as an attempt of the endocrine system to modulate the inflammation induced by 

both infections. 

In the present study, we observed that DHEA plasma levels positively correlated with TTE 

and, importantly, CD45RAhi TTE proportions in CD8+T cells, and in vitro DHEA increased 

cytotoxic TTE CD8+T cells and diverted the CD8+ cell transcriptional profile to a terminal 

effector one.  Since macrophage activation by IFN- increases antigen presentation [39], one 

can expect a direct association between Mtb-specific IFN- and cytotoxic responses [40]. 

Our results show that, contrary to HD, the above mentioned association is impaired in HIV-

TB patients and, more important, that in vitro DHEA treatment could restore the positive 

correlation between Mtb-specific degranulating and IFN-- producing CD8+T cells in HIV-TB 

patients.  The latter results point to an indirect effect of DHEA on CD8+T cells through 

antigen-presenting cells.  Accordingly, we previously observed that DHEA improved the 

production of IL-12 and the antigen-specific T-cell responses induced by Mtb-stimulated 

dendritic cells [41].  Also, during Lysteria monocytogenes infection, IL-12 represses Eomes 

and enhances T-bet in effector CD8+T cells, while after the resolution of infection and 

abatement of IL-12 signaling, Eomes expression rises whereas T-bet expression declines in 

memory CD8+T cells [42].  Therefore, the effect of DHEA on CD8+T-cell differentiation and 
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IFN- and cytotoxic responses may be mediated by an enhancement on IL-12 production as 

shown previously [42]. 

To date, this is the first report showing an in-depth analysis of the CD8+ T-cell 

memory/effector phenotype in HIV-TB co-infected patients and its modulation by DHEA, 

paving the way for delineating novel approaches for a better management of Mtb infection in 

people living with HIV. 

 

Methods 

 

Patients  

 

The present study has a cross-sectional design. Patients were evaluated at Hospital J.A. 

Fernández, Buenos Aires (Table 1).  Groups: HIV+: tuberculin skin test negative, chronically 

HIV-1+ infected patients as determined by ELISA and confirmatory Western Blot.; HIV-LTB: 

HIV-1+ individuals with latent TB as determined by tuberculin skin test; HIV-TB: HIV-1+ 

patients with active TB and less than one-week of anti-TB therapy and HD: healthy donors.  

Diagnosis of TB was based on the identification of acid-fast bacilli in sputum, a positive 

culture of tuberculosis bacilli and clinical and/or radiological data.  All individuals were 

Bacillus Calmette-Guérin-vaccinated.  None of the recruited individuals received DHEA or 

glucocorticoid treatment.  Some HIV-1 infected individuals were on antiretroviral treatment 

following current guidelines [43].  The Ethics Committee from Fundación Huésped approved 

the current study.  Written informed consent was documented from all study subjects. 

 

 

 

Hormone assessment 
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EDTA-anticoagulated blood samples were drawn during morning hours. Plasma Cortisol was 

measured by automated electrochemiluminescence immunoassay (Roche Diagnostics 

GmbH) and DHEA by radioimmunoassay (IMMUNOTECH) following manufacturer’s 

instructions. 

 

Antigens 

 

Pre-titrated Mycobacterium tuberculosis H37Rv, Gamma-Irradiated Whole Cells (NR-14819, 

BEI Resources, NIAID, NIH) was used at 10 μg/ml final concentration.  Cytomegalovirus, 

Epstein-Barr, and Influenza virus control peptide pool (CEF)  was obtained from the NIH 

AIDS Reagent Program, Division of AIDS, NIAID, NIH.  Lyophilized peptides were dissolved 

in dimethyl sulfoxide (DMSO) at 20 µg/µl and stored at -20°C. 

 

Culture conditions 

 

PBMCs were isolated by density gradient centrifugation on Ficoll-Hypaque and cultured at 

2x106 cells/ml with Mtb (10 µg/ml), CEF (2 µg/ml) or anti-CD3 (10ng/ml) and anti-CD28 (1 

µg/ml) antibodies in 48 well plates with RPMI medium (Sigma-Aldrich) supplemented with 

10% fetal bovine serum (PAA), 2 mM L-glutamine (Gibco BRL), 100 U/ml penicillin (PAA) 

and 100 mg/ml streptomycin (Gibco BRL), in the presence or absence of DHEA (Sigma-

Aldrich, 10-7 M).  After 16 or 72 h, cells were harvested, stained and analyzed by flow 

cytometry or CD8+ cells were isolated and lysed as described below. 

 

 

Flow cytometry 
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PBMCs were stained for CD3, CD4, CD8, CD27, CD45RA and PD-1 expression using 

specific mAbs (Biolegend).  In some experiments, cultured PBMC were surface stained for 

CD3, CD8, CD27 and CD45RA; concomitantly, intracellular cytokine staining was performed 

to determine IFN- production as described elswhere [44, 45] and CD107a/b expression was 

determined (20 µl/ml; BDBiosciences) to measure CD8+T lymphocyte cytotoxic 

degranulation as described previously [46].  Negative control samples were incubated with 

irrelevant, isotype-matched mAbs in parallel with experimental samples.  Dead cells were 

excluded by using Live/Dead® (Life Technologies) viability probe following manufacturer’s 

instructions.  Samples acquisition and analysis were carried out on a FACSCanto flow 

cytometer using the BD FACSDiva software (BDBiosciences). 

 

Real-time PCR 

 

CD8+ cells were isolated by positive selection using CD8 magnetic beads (BDBiosciences), 

and then harvested in Trizol® Reagent (Invitrogen) following manufacturer’s instructions.  

Afterwards, total RNA was quantified by 260 nm absorbance and cDNA was synthesized by 

MMLV retrotranscription (Invitrogen) following manufacturer’s instructions.  Real Time PCR 

was performed using CyberGreen Select (Invitrogen) in a 7500 Real-Time PCR (Applied 

Biosystems) to determine the relative expression of the genes depicted in Table 1 from 

Supplementary Information.  Data analysis was performed using LinRegPCR software [47].   
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Statistical Analysis 

 

Statistical analyses were conducted using GraphPad Prism 5 version 5.04.  Comparisons 

between groups were evaluated by the Kruskall-Wallis analysis of variance followed by post 

hoc comparisons (Dunn’s test) when applicable. Paired sample comparisons were 

performed using the non-parametric Wilcoxon matched pairs test.  Correlations were 

determined using Spearman’s rank test.  Statistical analysis and display of multicomponent 

distributions were performed by partial permutation test using SPICE v5.1 

(http://exon.niaid.nih.gov/spice/) [48].  p values below 0.05 were considered significant. 
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Figure 1.  Effector/memory phenotype and transitions in total peripheral CD8+T cells from 
HIV-TB, HIV+, HIV-LTB and HD.  Recently thawed or freshly isolated PBMCs were stained 
for the expression of CD45RA and CD27 in CD8+T cells as described in Methods.  (A -E) 
The expression of CD27 and CD45RA on CD8+T cells from HD, HIV+, HIV-LTB and HIV-TB 
patients was analysed by flow cytometry; (A) (top) Pie charts summarize the data and each 
slice corresponds to the mean proportion of CD8+T cells for each phenotype. (Bottom) 
Possible phenotypes are shown on the x-axis whereas percentages of distinct T-cell subsets 
within CD8+T cells are shown on the y-axis.  Comparisons of phenotype distribution were 
performed using the partial permutation test as described in [48] and the Kruskall-Wallis test 
followed by Dunn’s multiple comparisons post-test. (B) Representative flow cytometry dot 
plot examples from an HD (top) and an HIV-TB patient (bottom).  CD8+T cells were gated as 
shown in Supporting information Fig. 1.  (C) TTE/TEM ratio for each individual is shown. 
Comparisons were performed by the Kruskall-Wallis test followed by Dunn’s multiple 
comparisons post-test.  (D) Correlation analysis between the % of Terminal Effectors (TTE) 
and the % of Effector Memory (TEM) in CD8+T cells were evaluated to assess recent 
effector/memory transitions as described previously [21, 24].  Figure shows % of TTE vs. % of 
TEM in 27 HIV-TB (left) and 14 HD (right) subjects.  Continuous lines represent linear 
regression curves and dashed lines represent 95% confidence intervals.  Sp. r: Spearman’s 
rank correlation coefficient.  (E) Cumulative analyses of the expression of CD27 and 
CD45RA on CD8+T cells from HIV-TB subjects stratified according to TB presentation (left), 
smear status (middle) and highly active antiretroviral therapy (HAART, right).  Possible 
phenotypes are shown on the x-axis whereas percentages of distinct T-cell subsets within 
CD8+T cells are shown on the y-axis.  Comparisons of phenotype distribution were 
performed using the partial permutation test as described in [48] and the Kruskall-Wallis test 
followed by Dunn’s multiple comparisons post-test.  (A-E)  Each symbol represents an 
individual subject (n values are shown in the figure). Horizontal lines represent median 
values and boxes represent interquartile range.  * p<0.05; ** p<0.01; ***p<0.001. 
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Figure 2.  Phenotype of terminally differentiated CD8+T cells in HIV-TB, HIV+, HIV-LTB and 
HD.  Recently thawed or freshly isolated PBMCs were stained for CD27, CD45RA and PD1 
as described in Methods and analyzed by flow cytometry.  (A) Analysis of the relative mean 
fluorescence intensity (MFI) of CD45RA in TTE CD8+T cells as defined by the ratio: [CD45RA 
MFI on TTE / CD45RA MFI on TN]. Horizontal lines represent median values, boxes represent 
interquartile ranges and whiskers represent 95% confidence intervals.  (B, C) % of 
CD45RAdim TTE and CD45RAhi TTE among CD8+T cells defined as described in Supporting 
Information Fig. 1. (C) Representative flow cytometry histogram examples showing the 
expression of CD45RA in CD27neg CD8+T cells from an HD (filled curve) and an HIV-TB 
patient (open curve).  (D) % of PD1+ (left) and CD27neg (right) cells among CD8+T cells from 
HD (n=15), HIV+ (n=8), HIV-LTB (n=10) and HIV-TB (n=24) subjects was determined by flow 
cytometry.  (E) (left) Representative dot plots for the expression of CD27 vs. PD1 in total 
CD8+T cells from an HIV-TB and an HD subject  and cumulative analysis of PD1 expression 
in CD27neg and CD27+ CD8+T cells from HIV-TB and HD (right).  Each line connects the data 
for an individual patient.  Comparisons between the CD27+ and CD27neg populations were 
performed using the Wilcoxon matched pairs test.  (F) Correlation analysis between the % of 
CD45RAdim TTE CD8+ cells and % of PD1 in CD27+/CD8+ cells in 23 HIV-TB patients.  
Continuous lines represent linear regression curves and dashed lines represent 95% 
confidence intervals.  Sp. r: Spearman’s rank coefficient. (B and D) Comparisons between 
groups were evaluated by the Kruskall-Wallis test followed by Dunn’s multiple comparisons 
post-test.  Horizontal lines represent median values, boxes represent interquartile ranges 
and whiskers represent 95% confidence intervals.  Each symbol represents an individual 
subject. N values are shown in the figure.  * p<0.05; ** p<0.01; ***p<0.001. 
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Figure 3.  Effector/memory phenotype and transitions in Mtb-specific CD8+T cells from HIV-
TB patients and HD.  (A)   CD8+T cells from HD, HIV, HIV-LTB and HIV-TB individuals were 

in vitro stimulated and analyzed after 16 h for Mtb-induced CD107a/b and IFN- expression 
by flow cytometry.  Comparisons between groups were performed using the Kruskall-Wallis 
test followed by Dunn’s multiple comparisons post-test.  (B-D) CD8+T cells from HD and 
HIV-TB individuals were in vitro stimulated and analysed after 72 h for Mtb-induced 

CD107a/b, IFN- CD27 and CD45RA expression by flow cytometry.  CD8+T cells were 
gated as shown in Supplementary Information Fig. 1.  The gating strategy is based on the 
distribution of CD27 and CD45RA on bulk CD8+ T cells and it is then conserved in the 

analyses of CD107a/b+ or IFN-+ CD8+ T cells.  (B) Representative dot plots of the 
expression of CD107a/b+ vs. CD8 in CD8+T cells (left), CD27 vs. CD45RA in CD107a/b+ 
CD8+T cells (middle) and CD27 vs. CD45RA in bulk CD8+T cells (right) from an HD (top) and 
an HIV-TB patient (bottom).  (C) Expression of CD27 and CD45RA on Mtb-specific CD8+T 
cells from HD and HIV-TB individuals.  (Left) Pie charts summarize the data and each slice 
corresponds to the mean proportion of Mtb-specific CD8+T cells of each phenotype.  (Right) 
Possible phenotypes are shown on the x-axis whereas percentages of distinct T-cell subsets 
within Mtb-specific CD8+ T cells are shown on the y-axis.  Comparisons of phenotype 
distribution were performed using the partial permutation test and the Kruskall-Wallis test 
followed by Dunn’s multiple comparisons post-test.  (D) Correlation analysis between the % 

of TTE and the % of TN, TCM or TEM in CD107a/b+ and IFN-+ CD8+T cells were evaluated in 
HIV-TB (white background) and HD (grey background) subjects.  Continuous lines represent 
linear regression curves and dashed lines represent 95% confidence intervals.  Sp. r: 
Spearman’s rank coefficient.  (A-D) Horizontal lines represent median values and boxes 
represent interquartile range.  Each symbol represents an individual subject.  N values are 
shown in the figure.  * p<0.05; ** p<0.01; ***p<0.001. 
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Figure 4.  Adrenal hormone levels and their association with CD8+T cells differentiation and 
function.  (A) Recently thawed PBMCs were stained for the expression of CD45RA and 
CD27 and analysed by flow cytometry.  Plasma levels of DHEA were measured in the same 
blood samples as described in Methods. Figure shows correlation analyses between (top) 
the % of TTE or (bottom) TTE CD45RAhi in CD8+T cells and dehydroepiandrosterone (DHEA) 
plasma levels in (left) HIV+, (middle) HIV-LTB and (right) HIV-TB subjects.  (B) PBMCs were 
incubated in the presence or absence of Mtb or HIV peptides and then the expression of 
CD107a/b, CD45RA and CD27 were analyzed by flow cytometry.  Plasma levels of cortisol 
were measured in the same blood samples as described in Methods.  Figure shows 
correlation analysis between cortisol plasma levels and the % of Mtb-specific CD107a/b+ 
CD8+T cells in (left) HIV-TB and (middle) HD subjects or (right) the % of HIV-specific 
CD107a/b+ CD8+T cells in chronic HIV+ subjects. (A, B) Values were media-subtracted and 
negative values were set to zero.  Continuous lines represent linear regression curves and 
dashed lines represent 95% confidence intervals.  Sp. r: Spearman’s rank coefficient.  Each 
symbol represents an individual subject.  (C) PBMCs were incubated in the presence or 

absence of Mtb with or without DHEA and then the expression of CD107a/b and IFN- was 
evaluated in CD8+T cells from 11 HIV-TB patients with CD4+ T-cell counts higher than 100 
cells/µl.  Values were media-subtracted and negative values were set to zero.  Each line 
connects the data for an individual patient.  Comparisons between treatments were 
performed using the Wilcoxon matched pairs test.  * p<0.05. 
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Figure 5.  DHEA effect on Mtb-specific responses and terminal differentiation in CD8+T cells 
from HIV-TB patients.  (A-B)  PBMCs from HIV-TB patients were stimulated with Mtb or Mtb 
supplemented with DHEA for 72 h and CD107a/b, IFN-γ, CD27 and CD45RA expression 
was analyzed by flow cytometry.  (A) (Left) Frequencies of CD107a/b+ (n=17), (middle) IFN-


+ (n=11) or (right) bifunctional CD107a/b+/IFN-+ (n=13) TN, TEM, TCM and TTE cells among 

CD8+T cells from HIV-TB patients under basal conditions or after stimulation with Mtb or Mtb 
supplemented with DHEA.  Bars represent the median value for each phenotype.  * p<0.05 
for % CD107+ TTE cells in CD8+T cells, # p<0.05 for % CD107+ cells in CD8+T cells.  (B) 
Representative dot plots showing the expression of CD107a/b vs. FSC among TTE CD8+T 
cells from a representative HIV-TB patient in basal conditions (Media) or after stimulation 
with Mtb or Mtb + DHEA.  (C-H)  PBMCs from HD subjects were stimulated with Mtb or Mtb 
supplemented with DHEA for 72 h.  Then, CD8+ cells were isolated by positive selection and 
mRNA expression of the indicated molecules and GAPDH were determined by real time 
PCR.  Figures show the relative expression to GAPDH of (C) Tbx-21 (Tbet), (D) Eomes, (F) 
Blimp-1 (G) BCL-6 mRNAs and (E) Tbet/Eomes or (H) Blimp-1/BCL-6 mRNA ratios in 
isolated CD8+ cells from HD under basal conditions or after stimulation with Mtb or Mtb 
supplemented with DHEA.  Horizontal lines represent median values, boxes represent 
interquartile ranges and whiskers represent 95% confidence intervals of 7 donors from 3 
independent experiments.  (A-G) Comparisons between treatments were performed using 
the Kruskall-Wallis test followed by Dunns multiple comparisons post-test.  * p<0.05, ** 
p<0.01. 
 



 

 

 

 

 

 

This article is protected by copyright. All rights reserved.   34 

 



 

 

 

 

 

 

This article is protected by copyright. All rights reserved.   35 

 

Figure 6.  Correlation analysis between lytic degranulation and IFN- production in CD8+T 
cells from HIV-TB patients.  PBMCs from HD or HIV-TB patients were incubated under basal 
conditions or in the presence of Mtb, Mtb supplemented with DHEA or Cytomegalovirus, 
Epstein-Barr, and Influenza virus control peptide pool (CEF) and then the expression of 

CD107a/b and IFN- in CD8+T cells was evaluated by flow cytometry.  Figures show the 
correlation analyses between the % of CD107a/b+ and the % of IFN-γ+ cells among CD8+T 

cells from HIV-TB subjects stimulated with (A) Mtb (n=31), (B) Mtb+DHEA (n=30) or (C) CEF 
(n=20) and (D) among CD8+T cells from HD subjects stimulated with Mtb (n=29).  Values 
were media-subtracted and negative values were set to zero.  Each point represents an 
individual subject.  Continuous lines represent linear regression curves and dashed lines 
represent 5-95% confidence intervals.  Sp r: Spearman’s rank coefficient. 
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Table 1.  Epidemiological characteristics of the subjects enrolled. 

 HIV-TB  HIV-LTB HIV HD 

Number of subjects 
enrolled 

47 11 12 25 

Median age in years 
(IQR) 

38 
(31-43) 

35  
(28-40) 

35 
(32-48) 

36 
(30-46) 

Female/male distribution 21/26 3/8 3/9 16/9 

HIV status + + + - 

Median CD4 count 
(IQR) 

93 
(37-213) 

361 
(261-650) 

286 
(141-452) 

843 
(607-1075) 

Median Viral Load 
(IQR) 

39867 
(3789-160732) 

12934 
(756-24590) 

11225 
(25-36581) 

- 

IQR, Interquartile range. 

 

 


